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PREFACE 

Knowledge  of  the  composition  of  human  milk  has  remained  curiously  meagre 
and  hitherto  has,  for  the  most  part,  been  derived  from  intensive  studies  on 
relatively  few  women.  The  present  Report,  however,  which  was  completed 
towards  the  end  of  1947,  describes  an  investigation  in  which  the  methods 
developed  at  the  National  Institute  for  Research  in  Dairying  for  the  study  of 
cow’s  milk  were  applied  on  a  large  scale  to  human  milk.  Extending  over  nearly 
four  years  and  involving  the  organization  of  three  dietary  surveys  and  the 
collection  and  analysis  of  single  specimens  of  milk  from  more  than  2,000  nursing 
mothers,  the  work  was  throughout  dependent  for  its  success  on  the  voluntary 
participation  of  large  numbers  of  the  general  public.  Since  the  period  was 
1941-45,  their  willingness  to  go  to  some  trouble  to  help  the  acquisition  of 
knowledge  is  deserving  of  the  warmest  gratitude. 

It  was  obvious  that  pregnant  and  lactating  women  would  be  especially 
vulnerable  to  any  inadequacies  in  the  national  diet,  and  as  soon  as  rationing 
was  introduced  special  supplements  of  certain  foods  were  made  available  to 
them  either  free  or  at  a  reduced  price.  It  seemed  possible  that  a  study  of  the 
milk  these  women  produced  might  reveal  how  fully  their  own  and  their  infants’ 
needs  were  being  satisfied,  and  at  the  same  time  give  warning  of  any  serious 
deficiencies  in  the  civilian  rations  before  ill  effects  had  become  apparent  in  the 
population  as  a  whole.  In  the  event,  as  the  authors  proved  by  detailed  observa¬ 
tion  of  an  individual  lactation,  it  always  remained  perfectly  possible  for  an 
intelligent  mother  to  obtain  a  fully  satisfactory  diet  and,  though  surveys  in 
one  of  the  poorer  districts  of  London  showed  that  many  women  in  fact  failed 
to  do  so,  no  changes  attributable  to  malnutrition  were  ever  detected  in  their  milk 
It  must  be  remembered,  however,  that  the  conditions  of  the  experiment  would 
tend  to  exclude  the  worst  nourished  and  most  careless  mothers,  and  that  the 
first  effect  of  malnutrition  on  the  milk  is  probably,  as  this  Report  shows  to 
diminish  the  amount  secreted  and  thus  bring  into  operation  compensatory 
mechanisms  which  may  mask  reductions  in  the  content  of  individual  constituents. 

.*!  !hCl1  knt T*  that  many  °ther  factors  affect  the  composition  of  milk 
besides  the  mother  s  state  of  nutrition,  and  Dr.  Kon  and  Mrs.  Mawson  have 

carefully  assessed  the  influence  of  the  stage  of  lactation,  the  milk  yield  the 

season  of  the  year,  and  the  age  and  parity  of  the  mother.  The  most  formidable 

e"sure  ^sonable  uniformity  in  the  conditions  under  which  the 

fifes' 

health  visitors  who  supervised  the  collection  VnhVspecimens"  ‘°  deta"  °f ‘he 

vary  widdy a^^hrnew  ma^dalco^tetnedl^ thf  f  Vitamins 

obscure  many  of  the  physiological  nr^hi  rl^  Report  only  underlines  how 

-  - « » ft sasara-x-t 


cow’s  milk.  In  human  milk  the  content  of  both  vitamin  A  and  vitamin  B  ‘ 
alters  with  the  progress  of  lactation  :  initially  very  high,  the  vitamin  A  content 
falls  rapidly  during  the  first  three  weeks  and  then  gradually,  until  in  full  lactation 
it  reaches  a  level  only  one  third  of  the  original  value  ;  with  vitamin  Bls  on  the 
other  hand,  the  value  rises  steeply  to  an  almost  constant  level  in  the  fifth  week, 
the  reverse  of  what  happens  with  the  cow,  whose  calf  presumably  synthesizes 
more  and  more  of  its  own.  The  vitamin  A  content  shows  no  seasonal  fluctuation  ; 
it  proved  to  be  independent  of  the  mother’s  parity  but  to  increase  with  her 
increasing  age.  • 

Some  of  the  authors’  observations  have  considerable  practical  importance. 
There  may  be  mentioned  in  particular  the  conspicuous  and  sustained  rise  in  the 
vitamin  content  of  the  milk  following  the  introduction  of  National  Wheatmeal 
Bread  ;  the  similar  rise  in  the  vitamin  C  after  the  distribution  of  a  consignment 
of  oranges,  showing  that  vitamin  C  supplements  if  taken  by  the  mother  rather 
than,  as  now,  by  her  infant,  would  benefit  both  parties  instead  of  only  one  ; 
and  the  demonstration  that  doses  of  vitamin  A  during  pregnancy  were  without 
effect  on  the  milk  subsequently  produced.  Finally,  perhaps  the  authors’  most 
impressive  achievement  is  that  their  work  forms  the  most  comprehensive 
attempt,  so  far,  to  assemble  average  values  for  the  constituents  of  human  milk. 
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I.  INTRODUCTION 


Any  scientific  study  with  human  beings  is  beset  with  difficulties  and  this  is 
especially  true  when  a  relationship  as  intimate  as  that  of  a  mother  feeding  her 
baby  is  involved.  This  is  one  reason  why  papers  on  the  nutritive  value  of 
human  milk  are  so  scarce  compared  with  the  great  wealth  of  information 
about  the  milk  of  the  cow.  In  certain  respects  the  composition  of  human  milk 
largely  depends  on  the  nutrition  of  the  mother.  When  the  mother  is  well 
nourished  the  composition  of  her  milk  may,  therefore,  give  an  indication  of 
the  quality  and  quantity  of  nutrients  with  which  she  must  be  supplied,  in  addition 
to  those  needed  for  her  own  metabolism,  in  order  to  feed  her  child  successfully 
without  detriment  to  herself.  When  a  mother  is  inadequately  nourished,  a 
comparison  of  the  composition  of  her  milk  with  that  of  well  nourished  women 
may  indicate  the  shortcomings  of  her  diet. 

Surveys  carried  out  during  and  after  the  1914-18  war  showed  that  women  were 
the  first  to  feel  the  effects  of  a  deterioration  in  the  quality  and  quantity  of 
food,  probably  because  their  own  diet  suffered  in  the  effort  to  feed  their  family. 
It  seemed  possible  at  the  beginning  of  the  second  world  war  that  these  conditions 
would  be  repeated,  and  in  any  case  that  women,  on  whom  lactation  imposes 
a  heavy  additional  strain,  would  prove  a  sensitive  gauge  of  any  shortcomings 
in  the  wartime  dietary.  We  thought,  therefore,  that  the  time  was  opportune 
for  a  study  of  the  influence  of  dietary  changes  on  the  composition  of  human 
milk,  especially  as  regards  vitamins,  and  the  present  investigation  was  planned 
with  the  object  of  obtaining  all  the  information  we  could  of  this  kind. 

Certain  parts  of  the  investigation  were  done  in  collaboration  with  other 

workers.  Their  names  as  joint  authors  appear  at  the  head  of  the  relevant 
sections  of  the  Report. 

„  The  c,?ns!^.u.en.ts  of  milk  are  sometimes  described  as  “  major  ”  and 
r  !T0"  ;  Th,S  1S  a.convrenient  way  to  distinguish  the  substances  present  in 

atively  large  quantities  from  those  present  only  in  traces,  but  it  should  not 
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be  taken  as  an  indication  of  their  relative  importance.  In  full  lactation  milk 
the  content  of  most  of  the  “  major  ”  constituents  varies  only  within  compara¬ 
tively  narrow  limits  even  with  radical  changes  in  the  amounts  consumed  by 
the  mother.  This  is  true  of  water,  protein,  sugar,  calcium  and  phosphorus. 
A  deficiency  of  protein  in  the  mother’s  diet  causes  an  immediate  decrease  in 
milk  yield,  a  deficiency  of  calcium  may  be  made  up  from  her  body  reserves. 
But  fat,  which  also  is  a  “  major  ”  constituent,  is  subject  to  great  fluctuations  in 
quantity  and  these  must  be  taken  into  account  when  any  constituent  of  milk 
dissolved  in  the  milk  fat  is  considered. 

Less  is  known  concerning  the  “  minor  ”  constituents,  which  include  the 
vitamins.  In  the  milk  of  the  cow  some  of  these  are  under  physiological  control 
and  their  level,  because  of  synthesis  by  the  animal  or  by  the  symbiotic  micro¬ 
organisms  in  the  rumen,  is  independent  of  the  amount  present  in  the  food.  In 
human  milk,  however,  vitamins  vary  greatly  in  amount  according  to  their 
concentration  in  the  blood  or  tissues,  which  ultimately  depends  on  the  quantity 
in  the  diet.  Their  amount  is  not  as  closely  related  to  milk  yield  as  that  of  the 
“  major  ”  constituents. 

The  nutrient  factors  studied  in  the  present  investigation  were  vitamin  A, 
carotenoids,  vitamin  Bl5  riboflavin,  ascorbic  acid,  fat,  solids-not-fat,  lactose, 
and  total  nitrogen.  One  or  more  of  these  was  measured  in  each  of  2,284  samples 
of  human  milk.  Subsequent  mention  of  the  vitamin  content  of  human  milk 
refers  only  to  the  five  vitamins  enumerated.  In  a  small  proportion  of  the 
samples  calcium  and  phosphorus  were  also  measured. 

In  studies  of  human  milk  one  of  the  chief  difficulties  is  to  obtain  suitable 
samples  for  analysis,  since  it  is  seldom  possible  to  collect  all  the  milk  secreted 
in  a  day,  as  can  be  done  with  dairy  animals.  Efforts  were  made  to  surmount 
this  difficulty,  which  was  realized  from  the  outset,  and  the  matter  is  more 
fully  discussed  on  p.  18. 

For  a  satisfactory  interpretation  of  our  results  it  was  important  to  learn 
as  much  as  possible  about  the  more  physiological  aspects  of  the  secretion  of 
vitamins  into  milk.  In  particular  it  was  necessary  to  know  whether  and  to 
what  extent  the  vitamin  content  of  milk  was  affected  by  factors  other  than  the 
supply  of  these  vitamins  in  the  food.  Possible  factors  included  the  time  of  day, 
the  stage  of  lactation,  milk  yield,  the  age  of  the  mother  and  her  parity.  Further 
information  was  obtained  by  studying  the  effect  on  the  vitamin  content  of 
milk  of  administering  extra  vitamins  in  addition  to  those  contained  in  the 
mother’s  diet.  For  vitamin  A  and  carotenoids  it  was  possible  to  study  the 
relationship  of  the  content  of  these  substances  in  the  blood  and  in  milk. 

As  we  wished  to  relate  the  vitamin  content  of  the  milk  to  that  of  the  mother  s 
diet  it  was  necessary  to  find  out  as  much  as  possible  about  the  latter.  Before 
the  war,  when  foods  in  great  variety  were  brought  to  Britain  from  all  over  the 
world,  there  were  great  qualitative  and  quantitative  differences  in  the  food 
consumption  of  different  individuals  and  of  the  same  individual  from  day  to  day. 
It  was  obvious  that  war  would  result  in  a  severe  restriction  of  imports  and  that 
the  choice  of  foods  available  to  people  in  this  country  would  be  strictly  limited. 
Since  the  consumption  of  the  maximum  amount  of  home-produced  food  was 
encouraged,  seasonal  changes  in  the  national  diet  were  likely  to  take  place. 
It  was  likely  also  that,  since  food  policy  was  directed  by  a  central  authority, 
sudden  radical  changes  would  occur  in  the  diet  of  the  population  as  a  whole 
and  of  lactating  women  as  a  special  class. 
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women.  The  results  are  described  on  p.  152. 

It  is  well  known  that  food  habits,  though  well  established  within  each  social 
group,  vary  markedly  from  community  to  community  and  among  different 
social  classes.  For  this  reason  we  wished  to  examine  the  milk  of  women  living 
in  more  than  one  area  and  we  selected  for  comparison  a  poor  and  densely 
populated  section  of  London  and  a  prosperous  country  town. 

THE  DIETS  OF  PREGNANT  AND  LACTATING  WOMEN  IN 

BRITAIN,  1941-45 

The  changes  which  occurred  in  the  diets  of  pregnant  and  lactating  women 
during  the  progress  of  this  study  were  of  two  kinds,  those  that  affected  such 
women  specifically  and  those  that  affected  the  population  as  a  whole.  A 
general  account  of  these  changes  is  given  below  and  further  details  for  particular 
nutrients  will  be  found  later  in  the  Report. 

In  June,  1941,  when  the  investigation  was  begun,  the  war  had  been  in 
progress  for  21  months.  Rationing  of  sugar,  fats,  bacon  and  tea  was  introduced 
in  January,  1940,  and  after  that  date  many  unrationed  foods  disappeared 
entirely  from  the  market  or  were  available  only  in  small  quantities.  At  this 
time  the  food  situation  generally  was  at  its  lowest  level  (Magee,  1946),  and  most 
of  the  subsequent  changes  that  took  place  up  to  the  defeat  of  Germany  were 
improvements  rather  than  the  reverse.  During  this  period  the  amounts  of 
rationed  foodstuffs  available  weekly  to  adults  were:  fats  (butter,  margarine  and 
cooking  fat)  7-8  oz.  ;  bacon  3-4  oz.  ;  sugar  8  oz.  ;  meat  14-16  oz.  ;  cheese 
1—4  oz. ;  and  preserves  2-4  oz.  At  the  end  of  1941  a  “points”  system  was 
introduced  to  ensure  a  fair  distribution  of  the  scarcer  foodstuffs,  such  as  tinned 
goods,  biscuits,  dried  fruit,  syrup  and  cereals,  and,  later,  a  large  quantity  of 
tinned  luncheon  meat  from  America  was  distributed  in  this  way.  In  December, 
1941,  the  meagre  allowance  of  fresh  milk  for  ordinary  consumers  was  supple¬ 
mented  with  dried  skim  milk,  and  in  June,  1942,  the  distribution  of  dried  eggs 
was  begun.  Shell  eggs  were  available  only  rarely.  Figures  quoted  in  Food 
Consumption  Levels  (Joint  Committee  Set  up  by  the  Combined  Food  Board, 
1944a,  b)  make  it  possible  to  compare  the  amounts  of  rationed  and  imration^d 


\/i  '  57  ^  umciciiccb  are  noi  very  great,  and,  as 

Magee  (1946)  points  out,  they  may  be  even  less  than  thev  armear  cin^ 
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During  the  war  changes  occurred  in  the  quality  as  well  as  in  the  quantity  of 
foodstuffs.  Thus,  in  January,  1940,  margarine  was  fortified  by  the  addition 
per  oz.  of  550  I.U.  vitamin  A  and  30  I.U.  vitamin  D.  The  latter  was  raised 
to  60  I.U.  in  1941  and  90  I.U.  in  January,  1945  (Chief  Medical  Officer  of  the 
Ministry  of  Health,  1946).  The  extraction  rate  of  flour  was  increased  from 
70  to  85  per  cent,  in  April,  1942,  reduced  to  82|  per  cent,  in  October,  1944  and 
further  to  80  per  cent,  at  the  beginning  of  1945.  These  alterations  caused 
changes  in  the  vitamin  Bx  and  riboflavin  content  of  bread,  which  are  more  fully 
discussed  on  pages  97  and  115.  The  calcium  content  of  flour  was  increased  by 


addition  in  1941. 

Constant  attention  was  paid  between  1940  and  1943  to  improvement  of  the 
nutrition  of  expectant  mothers.  In  1940  they  became  entitled  to  one  pint  of 
milk  daily,  free  or  at  a  reduced  price.  To  this  was  added  at  the  end  of  1941 
the  right  to  obtain  extra  shell  eggs,  when  available,  and  later  dried  eggs.  In 
December,  1942,  supplements  of  concentrated  orange  juice  and  fish  liver  offi 
containing  about  35  mg.  vitamin  C,  4,000  I.U.  vitamin  A  and  800  I.U.  vitamin  D 
in  the  daily  allowance,  were  offered  to  pregnant  women  and,  finally,  in  July,  1^43 
an  extra  half  ration  of  meat  was  allowed,  as  well  as  priority  for  whole  oranges 
when  available.  Table  I,  which  is  quoted  from  the  report  of  the  Chief  Medical 
Officer  of  the  Ministry  of  Health  (1946)  shows  that  as  a  result  of  these  supple¬ 
ments  it  was  possible  for  a  mother  to  begin  her  lactation  with  a  satisfactory 

nutritional  background. 


TABLE  I 

The  Nutrient  Content  of  the  Daily  Rations  and  Priority  Food  Allowances  for 


Source 

Protein 
( S ■) 

Colories 

Calcium 

(mg.) 

Vitamin  A 
(I.U.) 

Vitamin  C 
(mg.) 

Vitamin  D 
(I.U.) 

Rations. 

Priority  allowances. 

34 

33 

910 

540 

320 

710 

970 

4,640 

2 

37 

55 

845 

Total 

67 

l,450f 

1,030 

5,610 

39 

900 

*  c,niei  ivieuicm  - - 

f  Bread  and  potatoes  were  freely  available 

The  special  allowances  available  for  "Ted'fo f^h^cWldVheVSder.  ^his 
meant  IS  -on,  cheese, 

and  sugar,  a  half  ration  of  meat,  and  extra  supplies  of  eggs  emselves 

It  seems  likely  that  most  moth  "sdQdf  fami^^However,  nursing  mothers 
but  distributed  them  among  members  of  the  ia  y.  allowed 

were  encouraged  to  take  the  pint  of  fr« that  a  great  many 
daily  after  the  birth  of  the  child,  and l  ou  P  nd  ®  of  milk  was  allowed 
mothers  actually  did  so.  From  M  y>  >  ,  -ce  supplements  of  fruit 

to  nursing  mothers,  though  not  a  P  j  containing  about 

Centre”  for"  The  “ice  ^sometimes  taken  by  the  mother  when 
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not  given  to  the  baby,  but  in  our  experience  this  did  not  occur  with  cod  liver  oil. 
No  capsules  or  tablets  containing  vitamins  A  and  D  were  issued  after  the  birth 
of  the  child.  Lactating  women  were  therefore  in  a  less  favourable  position 
than  pregnant  women  as  regards  vitamin  supplements  but  they  were  able  to 
obtain  larger  supplies  of  milk  and  other  rationed  foodstuffs,  except  meat  of 
which  the  ration  was  the  same  for  both  groups. 

As  we  pointed  out  above,  the  foodstuffs  and  vitamin  supplements,  though 
available,  were  not  necessarily  always  consumed.  In  fact,  the  Chief  Medical 
Officer  of  the  Ministry  of  Health  (1946)  has  reported  that  the  actual  uptake  of 
vitamin  supplements  by  priority  consumers  was  very  disappointing. 


THE  DONORS  OF  MILK  SAMPLES 

It  was  planned  to  obtain  samples  from  a  representative  group  of  women  in 
each  of  the  two  areas  in  which  we  were  interested,  but  the  only  criteria  for  the 
selection  of  donors  were  ability  and  willingness  to  provide  a  sample  of  milk. 
We  are  of  the  opinion  that  these  two  criteria  in  themselves  constituted  a  form 
of  selection  and  we  therefore  feel  that  our  results  may  not  be  as  fully  repre¬ 
sentative  as  we  would  wish. 


Experiments  with  animals  (Smith,  1944),  and  observations  and  experiments 
with  women  (Garry  and  Wood,  1946),  indicate  that  ability  to  lactate  successfully 
depends  on  a  satisfactory  state  of  nutrition.  This  view  was  borne  out  by  a 
collaborative  experiment  carried  out  by  us  with  Dr.  Graham  and  Miss  Cameron 
at  Glasgow  (p.  166).  It  is  possible,  therefore,  that  mothers  successfully  feeding  a 
baby  and  able  to  provide  a  sample  of  milk  may  belong  to  the  better  nourished 
section  of  the  community. 


Although  we  have  less  evidence  on  this  point,  it  is  possible  that  willingness 
to  give  a  milk  sample  may  also  lead  to  a  form  of  selection.  It  is  possible  that 
those  who  “  weren’t  interested  ”  or  “  couldn’t  be  bothered  ”  to  give  a  sample 
"ere  also  those  who  “  couldn’t  be  bothered  ”  to  take  advantage  of  the  priority 
foodstuffs  and  vitamin  supplements.  That  this  may  have  been  so  is  suggested 
by  the  lact  that  216  of  311  (69  per  cent.)  Reading  women,  whose  milk  we 
examined  for  vitamin  A  between  April,  1944,  and  the  beginning  of  March 
1945,  reported  that  they  had  taken  vitamin  A  and  D  tablets  during  pregnancy 
whereas  the  Chief  Medical  Officer  of  the  Ministry  of  Health  (1946)  states  that 
in  England  as  a  whole  the  uptake  of  these  tablets  by  expectant  mothers  never 
exceeded  34-3  per  cent,  of  the  potential  issue.  However,  the  disparity  is 
probably  less  than  the  figures  suggest,  as  the  Ministry  of  Health  calculation  is 
based  on  the  assumption  that  vitamins  are  taken  during  six  months  of  pregnancy 
whereas  our  mothers  may  have  taken  them  for  shorter  periods.  §  Y’ 

ins^fRSctenl.'mTP,°Hi0n  °f  Sampues  ™  obtained  from  women  who  had 
"  k  d  Were  *"«”*  the,r  baWes‘  supplementary  feeds.  Results  for 

weTuny^tTeir  ^  *"*  fW  ^  U 

were  examined  at  Reading.  g  tms  period  1,327  samples 

London  ngTheasuPZnTg  ^  f°U'  4°  mileS 

proportion  of  the  fruit  and^egetables  soldfn  ag"cultural  and  a  considerable 

u  vegetables  sold  in  the  shops  is  grown  locally.  Many 
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people  living  in  the  town  have  vegetable  gardens  or  allotments.  The  principal 
industries  are  biscuit  making  and  engineering.  Although,  as  was  to  be  expected, 
the  husbands  of  a  large  proportion  of  donors  were  in  the  armed  forces,  those  of 
others  were  engaged  in  these  industries  or  worked  on  the  railway.  We  also 
received  samples  from  the  wives  of  farm  labourers,  shopkeepers,  teachers, 
clergymen  and  doctors.  In  fact,  almost  all  sections  of  the  community  were 
represented. 

Reading  was  a  reception  area  for  evacuees  and  there  was  a  large  influx  of 
people  from  other  places,  chiefly  from  London,  so  that  the  population,  normally 
numbering  about  100,000,  was  greatly  increased.  Samples  of  milk  were  obtained 
from  some  of  these  temporary  residents  and  it  has  not  been  possible  to  consider 
them  separately  from  those  of  women  permanently  living  in  Reading. 

In  April,  1942,  we  were  able  to  extend  the  investigation  to  include  another 
community  and  we  chose  the  Metropolitan  Borough  of  Shoreditch,  a  densely 
populated  area  near  the  centre  of  London.  Shoreditch  forms  a  small  section 
of  a  much  larger  community  and  the  distribution  of  its  population  among 
social  classes  is  less  wide  than  at  Reading.  Many  of  the  donors  were  wives 
of  service  men.  The  husbands  of  others  were  labourers,  lorry  drivers,  shop 
assistants,  policemen  and  civil  defence  workers.  Shoreditch  can  be  considered 
as  a  purely  working-class  area. 

At  various  periods  during  the  war  Shoreditch  suffered  heavily  from  bombing. 
As  a  result  many  expectant  mothers  and  mothers  of  young  babies  were  sent 
to  safer  areas  and  consequently  the  number  of  samples  obtained  in  Shoreditch 
was  smaller  than  at  Reading  ;  564  were  sent  to  us  between  April  1942, and 
March,  1945,  and  a  further  37  between  April  and  the  beginning  of  October  1945. 
These  last  were  obtained  specially  for  comparison  with  milk  from  mothers  in 
Glasgow  (p.  166)  and  are  not  included  in  the  mam  investigation.  In  1943  a 
number  of  Shoreditch  women  participated  in  experiments  on  the  influence  of 
administration  of  vitamins  on  the  content  of  these  substances  in  milk  and  for 
this  purpose  more  than  one  sample  was  obtained  from  some  of  the  women. 
Only  the  initial  samples  taken  before  the  vitamins  were  given  were  used  for 
comparison  with  Reading  samples.  Again  in  1944-45  second  and  Utirdsa, mpl 
were  obtained  from  certain  women  and  these  also  were  omitted  from  such 

There1 w«  three  complete  years  of  study  at  Reading  and  Shoreditch  and  a 

^^TksT  Wand'll  (b)  Reading  and  Shoreditch  worn®  are  compared  with 

as  £425  rid 

at  an  earlier  age  and  continues  over  a  longer 

Shoreditch  samples  were  on  the  whole  obtained  ear'  ,  comparisons 

than  Reading  samples.  This  difference  has  beer ^nce  for  it 
of  results  for  milk  from  the  two  places,  and  where  nece: ssary^  ^  ^  djfficuW 
has  been  made.  According  to  the  Shoreditch  hea  their  babies 

to  obtain  milk  in  later  lactation  since  many  women  s  opped  m 
after  the  first  few  weeks.  In  Reading  also  a  hi£ /'Xne  home.  However, 
breast  feeding  soon  after  their  return  rom ®  The  birth  weights 
those  who  persisted  usually  continued  for  5  months  or  longer. 


TABLE  II  ( a ) 

Comparison  in  Age,  Parity,  Stage  of  Lactation  and  Baby's  Birth  Weight  between  Donors  of  Milk  Samples  from  Reading  and  Shoreditch 
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*  The  frequency  distribution  is  shown  within  each  category,  all  values  being  stated  as  percentages  of  the  total  which  was  approximately  1,100  for  Reading 
and  400  for  Shoreditch. 

t  Frequencies  expressed  as  percentages  of  all  families.  Figures  in  brackets  indicate  frequencies  calculated  separately  for  civilian  and  Forces  families. 
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of  the  babies  of  Reading  and  Shoreditch  mothers  did  not  differ  appreciably. 
Thf  distribution  of  donors  according  to  income  indicates  that  social  and 
economic  levels  varied  widely  at  Reading  but  not  in  Shoreditch  where  incomes 
were,  on  the  whole,  lower.  However,  as  we  point  out  later  (p.  1 75),  the  compost 
tion  of  milk  was  not  apparently  correlated  with  economic  circumstances. 

The  wives  of  servicemen  are  considered  separately  because  their  economic 
and  general  circumstances  were  influenced  by  factors  other  than  the  amount 

of  the  service  allowance  which  they  received. 

Apart  from  a  few  samples  obtained  from  the  Royal  Berkshire  Hospital 
(Mr.  E.  Wheeler)  in  1941  and  a  few  others  from  nursing  homes,  it  was  not 
possible  to  obtain  milk  samples  in  Reading  and  Shoreditch  earlier  than  from 
the  third  week  of  lactation.  In  order  to  complete  our  study  of  the  influence 
of  the  stage  of  lactation  on  the  vitamin  content  of  milk,  a  third  series  of  samples 
was  obtained  from  patients  in  the  maternity  wards  of  Paddington  L.C.C. 
Hospital  (Dr.  G.  M.  Gray  and  Mr.  W.  C.  W.  Nixon).  These  women  normally 
resided  in  the  Borough  of  Paddington,  London,  where  living  conditions  were 
possibly  somewhat  better  than  in  Shoreditch.  One  or  more  samples  from  each 
of  171  women  were  obtained  from  this  source  between  January  and  July,  1943. 

In  addition  to  the  general  investigation  in  Reading,  Shoreditch  and 
Paddington,  a  few  special  investigations  were  carried  out  with  milk  from 
other  sources.  These  included  Hammersmith  L.C.C.  Hospital  (Professor  J. 
Young),  The  Radcliffe  Infirmary,  Oxford  (Mr.  A.  F.  Clift)  and  the  London 
Hospital  (Professor  J.  R.  Marrack  and  Dr.  H.  Hoch).  Milk  samples  for  special 
purposes  were  obtained  also  from  individual  women  living  in  other  places. 


THE  METHOD  OF  COLLECTING  MILK  SAMPLES 

At  Reading  approach  to  most  of  the  donors  was  made  through  the  health 
visitors  who  found  those  willing  to  provide  a  milk  sample  among  the  nursing 
mothers  whom  they  visited  or  who  attended  the  Child  Welfare  Clinics.  Our 
nurse  then  made  an  appointment  with  each  mother  and  instructed  her  to  refrain 
from  using  one  of  her  breasts  after  6.0  a.m.  on  the  appointed  day.  Visits  for  the 
collection  of  samples  were  made  between  10.0  a.m.  and  noon.  The  milk  was 
expressed  manually  from  the  breast  last  used  at  6.0  a.m.  and  an  effort  was  made 
to  empty  the  breast  as  completely  as  possible,  but  it  was  not  always  certain 
that  this  had  been  achieved.  This  uncertainty  is  one  of  the  chief  difficulties 
in  obtaining  representative  samples  of  human  milk.  The  milk  was  collected 
through  a  funnel  in  a  3  oz.  dark  glass  bottle  to  ensure  immediate  protection 
from  light.  The  yield  varied  greatly  (see  p.  19).  The  sample  was  then  mixed 
and  a  3  ml.  portion  was  removed  and  added  to  the  reagents  for  the  estimation  of 
vitamin  C  (p.  122).  The  samples  reached  the  laboratory  between  1 .0  and  2  0 
p.m.  and  the  analyses  were  done  during  the  afternoon. 

A  small  number  of  Reading  samples  was  obtained  from  patients  of  local 
doc  orS  and  from  the  post-natal  clinic  of  The  Babies’  Nursing  Home  (Miss  E  N 

«r!n1a.y|L  S>‘  ar  arra"8ements  were  mad=  for  ‘he  collection  of  these  samples' 

h  i  *as  not  always  possib,e  to  take  a”  ‘he  precautions  we  consider 
necessary  for  the  complete  preservation  of  vitamin  C. 

hvArl  ih,°rodltHh  a"  the  aITan8ements  for  the  collection  of  samples  and  dispatch 
by  rail  to  Reading  were  m  the  hands  of  the  Medical  Officer  of  Health  and  the 
health  visitors.  The  system  was  the  same  as  at  Reading,  but  the  samples  wSe 
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placed  on  ice  immediately  after  collection  in  order  to  preserve  the  vitamin  C, 
and  were  then  transported  to  Reading  in  specially  constructed  ice-boxes. 
Shoreditch  samples  were  collected  between  10.0  a.m.  and  noon,  and  reached  the 
laboratory  about  2.30  p.m. 

Early  lactation  samples  from  Paddington  Hospital  were  obtained  between 
1.30  and  2.30  p.m.  and  placed  in  a  refrigerator  at  once.  Next  morning  they 
were  put  in  an  icebox  for  dispatch  to  the  laboratory  by  passenger  train.  They 
were  analysed  in  the  usual  way,  but  not  for  vitamin  C,  in  the  afternoon. 

The  information  which  accompanied  each  sample  was  obtained  by  filling 
in  the  questionnaire  form  shown  in  Table  III.  This  was  done  by  the  nurse  or 
health  visitor.  The  information  was  divided  into  three  categories,  that 


TABLE  III 


Form  of  Questionnaire  Used  in  the  Collection  of  Milk  Samples 


All  information  will  be  treated  as  confidential 

(Strike  out  what  does  not  apply) 


MOTHER— Name  Date  and  Time 

Address  Age 

Previous  pregnancies.  State  below  whether  children  alive  or  dead 

1  3  5 

2  4  6 


Mother’s  health 
Occupation  of  husband 
Ts  he  living  at  home  ? 
Total  family  income 
Board,  lodging 
Number  of  lodgers 
Allotment 

Diet  yesterday — Breakfast 
Mid-morning  lunch 


Health  of  husband 
Other  wage  earners 
Rent 

Number  of  evacuees 
Vegetable  garden 


Dinner 

Tea 

Supper 

Free  or  cheap  milk 

Vitamins  during  pregnancy.  State  amount  and  frequency  below 

Cod  liver  oil  Marmite  Bemax 

“Multivite”  Black  currant  juice  Orange  juice 

Vitamins  since  childbirth  (see  list  above) 


INFANT  Date  of  birth  Sex  Weeks  premature 

Weight  at  birth  lb.  oz.  Weight  now  lb.  oz. 

Health 
Feeding 

Vitamin  supplements  (see  list  above) 


DETAILS  OF  OBTAINING  SAMPLE 

Has  a  similar  sample  been  taken  before  ? 
Estimated  quantity  of  breast  milk— plentiful 
Breast  used — right/left/both.  . 

Time  of  last  feed— r.  breast 
Time  taken  to  collect  sample 
Bottle  full — |  full— i  full— less 
Was  mother  nervous  ? 

Other  remarks. 


— moderate — scanty 
1.  breast 

Was  breast  emptied 
Overweight 


? 
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concerning  the  mother  and  the  family  circumstances  generally,  that  concern  mg 
the  baby,  and  the  details  of  collecting  the  milk  sample.  The  data  for  the 
comparison  between  Reading  and  Shoreditch  mothers,  shown  in  Tables  II  (a) 
and  II  ( b ),  were  obtained  in  this  way. 

Considerable  difficulty  was  encountered  in  obtaining  reliable  information 
about  financial  circumstances.  We  had  hoped  to  calculate  the  weekly  family 
income  per  head  and  to  determine  whether  it  was  in  any  way  correlated  with 
our  results,  but  this  was  not  possible.  Eventually  rough  assessments  of  incomes 
were  made  on  the  basis  of  the  husband  s  occupation  and  a  division  made  into 
the  five  categories  shown  in  Table  II  ( b ). 


As  we  have  said,  dietary  surveys  were  not  possible  except  in  a  few  cases  and 
we  considered  that  general  inquiries  about  food  were  unlikely  to  give  any  useful 
information.  We  decided,  therefore,  to  ask  for  a  list  of  the  foods  consumed  on 
the  day  preceding  the  taking  of  the  sample.  Quantitative  data  could  not,  of 
course,  be  obtained.  We  found  in  practice  that  even  with  the  large  number 
of  women  studied  this  information  was  of  little  value.  When  the  menus  were 
assessed  on  a  qualitative  basis  it  was  found  that  the  vitamin  content  of  the 
milk  of  women  whose  diets  were  classified  as  excellent  did  not  differ  from 
that  of  women  whose  diets  were  thought  to  be  poor.  An  insufficient  number 
of  samples  was  obtained  from  nervous  or  overweight  women  to  permit  a 
statistical  analysis  of  our  results  with  regard  to  these  factors.  We  think  that 
the  information  concerning  the  baby  was,  on  the  whole,  reliable.  The  calculation 
of  the  average  weekly  gain  in  weight  was  complicated  by  the  fact  that  some 
babies  were  weighed  naked  and  other  wearing  vests.  As  we  wished  to  use  this 
information  for  assessing  milk  yield  we  excluded  figures  for  all  babies  younger 
than  8  weeks.  After  that  time  the  weight  of  the  vest  would  be  small  in 
comparison  with  the  total  gain  in  weight  and  hence  the  error  introduced  could 
be  neglected.  Mothers  were  considered  to  have  a  low  milk  yield  when  the 
fully  breast-fed  baby  gained  less  than  4  oz.  weekly  on  the  average,  and  a  high 
milk  yield  when  the  weekly  gain  was  greater  than  9  oz. 


A  record  of  the  details  of  taking  the  sample  was  necessary  because  of  the 
great  importance  of  complete  expression  of  a  breast  between  four  and  six  hours 
after  the  last  feed.  The  failure  to  fulfil  this  condition  had  a  considerable 
influence  on  the  results  obtained  for  the  fat  and  riboflavin  content  of  milk 
(pp.  18  and  105). 
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The  circumstances  under  which  variations  may  occur  in  the  fat  content  of 
milk,  particularly  that  of  the  cow,  have  been  widely  studied  and  are  well  known. 
Much  work  has  also  been  done  on  human  milk  and  it  has  been  found  that 
some  of  the  conditions  governing  its  fat  content  are  the  same  as  for  cow’s  milk. 
We  do  not  propose  to  give  a  complete  bibliography  of  this  work,  much  of  which 
is  now  many  years  old.  More  recently,  important  contributions  were  made 
by  Macy  and  co-workers  (Brown,  Macy,  Nims  and  Hunscher,  1932  ;  Macy, 
Nims,  Brown  and  Hunscher,  1931  ;  Nims,  Macy,  Brown  and  Hunscher,  1932; 
Nims,  Macy,  Hunscher  and  Brown,  1932),  by  Widdows  and  Lowenfeld  (1933) 
and  by  Golz  (1940).  von  Sydow  (1944-45)  has  discussed  the  implications  of 
their  findings. 

SAMPLING  ERRORS  IN  THE  DETERMINATION  OF  THE  FAT  CONTENT 

OF  MILK 

« 

It  is  generally  agreed  that  foremilk  is  less  rich  in  fat  than  strippings  but 
investigators  disagree  about  the  magnitude  of  the  difference.  This  discrepancy 
may  possibly  be  accounted  for  by  differences  in  methods  of  sampling.  Thus, 
when  milk  is  expressed  in  two  equal  portions  a  comparison  of  the  fat  content 
of  these  two  shows  less  difference  than  a  comparison  between  the  first  and 
last  of  a  series  of  small  portions.  Longer  intervals  between  feeds  lead  to  a 
lower  percentage  of  fat  in  the  milk,  so  that  milk  obtained  at  6.0  a.m.  contains 
less  fat  than  that  collected  during  the  rest  of  the  day,  and  the  10.0  a.m.  feed 
usually  has  the  highest  fat  content  (Deem,  1931  ;  Nims,  Macy,  Brown  and 
Hunscher,  1932).  Widdows  and  Lowenfeld  (1933)  found  that  the  fat  content 
of  human  milk  varied  with  the  degree  of  pressure  used  in  the  expression,  so  that 
milk  obtained  by  breast  pump  contained  a  smaller  percentage  of  fat  than  that 
obtained  by  manual  expression,  and  “  dripped  ”  milk  even  less  (see  also 
von  Sydow,  1944-45). 

These  considerations  suffice  to  show  that  the  fat  content  of  human  milk  is 
particularly  liable  to  sampling  errors.  Erroneously  high  or  low  results  may 
be  obtained  according  to  the  time  of  day  at  which  the  sample  is  taken.  Low 
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be  obtained  if  the  milk  is  not  completely  extracted  from  the  gland 


content.  The  only  really  satisfactory  method  is  to  collect  all  the  milk  secreted 
during  24  hours,  but  this  procedure  involves  such  a  serious  interference  with 
the  feeding  routine  that  it  would  not  be  tolerated  by  the  vast  majority  of 
mothers.  It  is  therefore  quite  unsuitable  for  survey  work. 

We  felt  that  in  the  present  investigation  the  best  that  could  be  hoped  for 
was  to  obtain  a  sample  representative  of  one  particular  feed.  The  10.0  a.m. 
feed  was  chosen  of  necessity,  as  certain  of  the  vitamin  analyses  had  to  be  com¬ 
pleted  on  the  same  day.  The  procedure,  adopted  in  order  to  interfere  as  little 
as  possible  with  the  baby’s  feeding,  was  to  ask  the  mother  to  give  one  breast 
only  at  6.0  a.m.,  leaving  the  other  for  10  o’clock.  The  sample  for  analysis  was 
obtained  between  10.0  and  12.0  a.m.  by  manual  expression  from  the  breast  last 
used  at  6  o’clock.  The  volume  of  the  sample  varied  greatly  from  almost  nothing 
to  nearly  6  oz.  On  occasions  very  little  or  no  milk  was  obtained  ;  this  was 
probably  due  to  the  mother’s  failure  to  “let-down”  her  milk  (Waller,  1938). 
It  is  well  known  that  this  occurs  with  the  cow.  In  certain  other  cases  the  flow 
of  milk  was  intermittent  and  it  was  difficult  to  decide  when  the  breast  had  been 
completely  emptied.  This  difficulty  would  be  easily  overcome  in  obtaining 
frequent  samples  from  the  same  woman  but  is  bound  to  occur  when  single 
samples  are  obtained  from  a  large  number  of  women.  On  frequent  occasions 
at  the  beginning  of  this  study  the  information  obtained  about  milk  samples  was 
insufficient  to  tell  us  whether  the  sample  was  taken  so  as  to  satisfy  the  conditions 
just  stated,  and  for  this  reason  no  values  for  fat  content  of  Reading  samples  are 
quoted  for  1941-42.  Other  analytical  data  for  these  samples  were  not  affected 
in  this  way  and  are  included  in  the  Report.  We  do  not  believe  that  in  the  present 
investigation  the  number  of  samples  giving  erroneously  low  results  due  to 
incomplete  emptying  of  the  breast  is  large.  The  average  value  of  4-78  g.  per 
100  ml.  obtained  for  samples  from  612  Reading  mothers  is  much  higher  than  that 
usually  accepted  as  normal  for  human  milk,  but  it  should  be  remembered 
that  the  fat  content  of  the  10.0  a.m.  sample  is  higher  than  that  of  other  feeds 
(Deem,  1931  ;  Nims,  Macy,  Brown  and  Hunscher,  1932). 

The  majority  of  mothers  followed  our  instructions  as  outlined  above  but 
occasionally  the  person  collecting  the  milk  found  that  the  bahv  had 


reduced  pressure.  The  fat, 
vitamin  A  and  carotenoids. 
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THE  CONSTITUENTS  OF  MILK 

THE  INFLUENCE  OF  THE  STAGE  OF  LACTATION  ON  THE  FAT  CONTENT 

OF  MILK 

It  was  found  by  earlier  workers  and  confirmed  by  Widdows  and  Lowenfeld  (1933) 
and  Golz  (1940)  that  the  fat  content  of  human  milk  is  low  at  the  beginning  o 
lactation  and  rises  during  the  first  14  days.  We  are  unable  to  provide  any 
further  evidence  of  this,  as  most  of  our  early  lactation  samples  from  Paddington 
Hospital  were  not  complete  expressions.  As  shown  in  Table  V  we  found 
no  consistent  variations  between  the  3rd  and  24th  weeks,  and,  as  far  as  our 
evidence  goes,  the  stage  of  lactation  has  no  appreciable  influence  on  the  fat 
content  of  milk  during  this  period.  This  is  of  importance  in  interpreting  results 
obtained  for  the  fat-soluble  vitamins. 


TABLE  V 

The  Fat  Content  of  Milk *  according  to  Stage  of  Lactation  1942-45 

{All  values  as  g.  per  100  ml.) 


Week  of 
lactation 

Reading 

Shoreditch 

Number  of 
samples 

Mean 

value 

Standard 

deviation 

Number  of 
samples 

Mean 

value 

Standard 

deviation 

3 

5 

3-63 

0-82 

4 

10 

4-54 

0-84 

7 

3-64 

0-76 

5  to  8 

177 

4-80 

1-27 

52 

416 

1-39 

9  to  12 

200 

4-69 

1-40 

21 

3-68 

1-26 

13  to  16 

132 

4-75 

1-55 

20 

3-62 

1-50 

17  to  20 

64 

506 

1-75 

12 

3-47 

1-50 

21  to  24 

17 

4-78 

1-82 

4 

3-94 

1-98 

*  All  samples  obtained  by  complete  manual  expression  of  one  or  both  breasts  4  to  6  hours 
after  the  last  feed. 


TABLE  VI 

The  Influence  of  Milk  Yield  on  the  Fat  Content  of  Milk 


Type  of  sample 


Number  of 
samples 


Fat  content 
(g.  per  100  ml.) 


Low  milk  yield 

(1)  Milk  from  mothers  giving  supplementary  feeds*  . 

(2)  Milk  from  mothers  of  fully  breast-fed  babies  more 

than  8  weeks  old  gaining  less  than  4  oz.  weekly 

Normal  milk  yield 

Milk  from  mothers  of  fully  breast-fed  babies  more  than 
8  weeks  old  gaining  4  to  9  oz.  weekly 

High  milk  yield 

Milk  from  mothers  of  fully  breast-fed  babies  more  than 
8  weeks  old  gaining  more  than  9  oz.  weekly 

All  samples  obtained  from  Reading  mothers  by  conmlete  r  " 

4  to  6  hours  after  the  last  feed.  y  mpiete  Dn  of  one  breast 


4-71 

4-84 

4-77 

4-98 


Only  those  giving  no.  more  than  three  feeds  of  breast  milk  daily  are  included. 
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THE  INFLUENCE  OF  MILK  YIELD  ON  THE  FAT  CONTENT  OF  MILK 

In  general,  women  whose  milk  yield  is  habitually  low  secrete  milk  no  richer  in 
fat  than  that  of  women  with  a  high  yield.  In  fact,  the  reverse  is  sometimes 
the  case,  as  has  been  clearly  shown  by  Ruzicic  (1938).  Our  findings,  given 
in  Table  VI,  are  in  agreement  with  his,  and  Golz  (1940)  and  Salmi  (1944-45) 
are  of  the  same  opinion.  However,  sudden  fluctuations  in  the  volume  of  milk 
secreted  by  an  individual  woman  may  be  accompanied  by  changes  in  the  fat 
concentration,  which  then  varies  inversely  with  the  yield  (Widdows  and 
Lowenfeld,  1933).  This  probably  accounts  for  the  fact  that  large  samples  of 
milk  have  a  lower  fat  concentration  than  smaller  ones  (Tables  VII). 

TABLE  VII 


The  Fat  Content  of  Milk  in  Relation  to  the  Volume  of  the  Sample — Reading  and 

Shoreditch  Compared 


Volume  of 
sample 

Year 

Reading 

Shoreditch 

Number  Mean  value 

of  samples  (g.  per  100  ml.) 

Number  Mean  value 

of  samples  (g.  per  100  ml.) 

Greater  than  50  ml. 

1942-43 

135 

4-55 

31 

3-67% 

1943-44 

107 

4-52 

39 

4  06 

194445 

92 

4-36 

19 

3*63 

Smaller  than  50  ml. 

194243 

46 

5-20 

5* 

5-20 

194344 

86 

5-39 

18 

4-24 

194445 

127 

5-10 

16 

401 

*  This  includes  a  sample  of  abnormally  high  fat  content,  11 T  g.  per  100  ml.  If  this  is 


excluded  the  mean  is  3*71. 


Frequency  Distribution  of  Fat  Content  of  Reading  Samples 

When  the  results  for  Reading  samples  were  arranged  according  to  fat 
content  the  frequency  distribution  did  not  appear  normal.  A  Gaussian  curve 
was  therefore  fitted  to  the  data  and,  for  comparison,  the  data  of  Golz  (1940) 
were  treated  similarly.  The  results,  quoted  in  Table  VIII  show  that  the  fit  for 
our  values  was  bad,  the  major  discrepancy  occurring  at  the  interval  4 •  00-4 •  99  g. 
fat  per  100  ml.  In  general,  the  discrepancy  was  even  more  marked  for  the  values 
of  Golz,  where  in  the  interval  4-00-4-99  it  was  in  the  opposite  direction. 


THE  FAT  CONTENT  OF  MILK 


in  1942-45 


STUDIED 

Deem  (1931)  and  Ruzicic  (1934)  found  that  the  fat  content  of  human  milk 
could  be  raised  by  increasing  the  fat  content  of  the  mother  s  diet.  Escudero  and 
Pierangeli  (1941)  and  Salmi  (1944-45)  also  believe  that  the  fat  content  of  human 
milk  is  related  to  the  dietary  consumption  of  fat.  As  no  changes  in  the 
for  expectant  a°d  nursing  mothers  in  the  United  Kingdom  took  place  between 
1942  and  1945,  no  change  due  to  dietary  influences  was ^expected  n  the  fa 
content  of  milk,  and  in  fact  none  occurred  (see  Table  ^n7?he  ^an  fat 
Reading  and  Shoreditch  have  been  considered  separately  and 
ccmtentf  ofmilk  from  each  place  remained  almost  the  same  throughout. 
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TABLE  VIII 
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Comparison  of  Observed  and  Fitted  Gaussian  Frequency  Distributions  of  the 
Fat  Content  of  6 05  Milk  Samples  from  Reading  and  of  525  Examined  by  Golz  (  940) 


Percentage  fat 

Reading 

Number  of  samples 
Observed  Calculated 

<100 

0 

3 

1  00-1 -49 

3 

5 

1 -50-1 -99 

6 

9 

200-2-49 

25 

19 

2-50-2-99 

28 

31 

3-00-3-49 

46 

48 

3-50-3-99 

63 

66 

400-4-49 

101 

75 

4-50-4-99 

80 

83 

500-5-49 

84 

79 

5-50-5-99 

61 

66 

6-00-6-49 

41 

50 

6-50-6-99 

31 

33 

7-00-7-49 

11 

20 

7-50-7-99 

11 

10 

8-00-8-49 

4 

5 

>8-50 

10 

1 

Golz 


Number  of  samples 
Observed  Calculated 


5 

17 

15 

24 

56 

43 

69 

66 

102 

83 

105 

89 

82 

78 

44 

58 

15 

36 

9 

18 

11 

8 

7 

3 

1 

1 

1 

0 

0 

0 

0 

0 

3 

0 

The  most  striking  feature  of  Table  IV,  p.  20,  is  the  consistent  difference 
between  the  fat  content  of  milk  samples  from  Reading  and  Shoreditch  in  all 
three  years,  irrespective  of  the  interval  elapsing  between  the  baby’s  last  feed  and 
the  taking  of  the  sample.  Although  the  fat  ration  of  lactating  women  was  the 
same  throughout  the  country,  the  possibility  that  this  difference  is  of  dietary 
origin  cannot  be  entirely  ruled  out.  Dietary  surveys  have  shown  that  Shoreditch 
women  did  not  in  fact  consume  all  the  rationed  foods  to  which  they  were 
entitled  (Table  LXXXIII,  p.  156),  so  that  it  was  possible  for  Reading  mothers  to 
consume  more  fat.  As  dietary  surveys  were  not  carried  out  at  Reading  we  have 
no  evidence  regarding  this,  but  it  seems  unlikely  that  the  difference  in  fat  intake 
was  sufficient  to  account  for  the  difference  in  the  fat  content  of  milk  samples 
from  the  two  places. 


Another  possibility  is  that  this  difference  between  Shoreditch  and  Reading 
may  have  been  due  to  variations  in  the  method  of  obtaining  the  sample.  As 
we  have  already  pointed  out,  sampling  errors  are  most  likely  to  arise  from 
incomplete  removal  of  milk  from  the  breast.  The  results  for  fat  content  will 
then  be  low.  The  low  values  obtained  for  Shoreditch  samples  might  be  accounted 
for  in  this  way  but,  if  so,  one  would  have  expected  these  samples  to  be  smaller 
in  volume  than  those  from  Reading,  and  this  was  not  the  case.  However  the 
proportion  of  “  mixed  ”  samples  (see  p.  19)  whose  fat  content  had  to  be 
disregarded  was  much  higher  at  Shoreditch  than  at  Reading.  This  suggests 
that  many  of  the  smaller  Shoreditch  specimens  may  have  been  spoiled  by 
mixing  with  strippings  or  foremilk  from  the  other  breast.  Table  VII  shows 

H  samples  over  50  ml.  in  volume  was  lower  at 

editch  than  at  Reading.  Results  for  samples  under  50  ml.  in  volume  show 
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a  greater  difference.  Thus  a  consideration  of  sample  volume  does  not  help  us 
to  decide  whether  or  not  Shoreditch  specimens  were  particularly  subject  to 
sampling  errors. 

The  instructions  given  for  obtaining  the  sample  were  the  same  at  both  places, 
but  at  Reading  the  vast  majority  of  samples  was  obtained  by  one  nurse,  whereas 
at  Shoreditch  sampling  was  in  the  hands  of  two  health  visitors,  with  several 
assistants  who  changed  from  time  to  time.  This  rules  out  the  chance  of 
obtaining  in  retrospect  any  information  regarding  Shoreditch  samples  other 
than  that  already  given  on  the  questionnaire  form.  For  Reading  it  is  possible 
to  determine  by  whom  samples  were  collected  and  Table  IX  compares  the  fat 
content  of  samples  obtained  by  three  other  investigators  with  some  of  those 
obtained  by  our  nurse.  The  results  are  substantially  the  same  for  all  collectors 
and  are,  of  course,  higher  than  the  Shoreditch  results.  As  noted  previously, 
they  are  higher  also  than  values  usually  quoted  for  the  fat  content  of  human 
milk.  All  four  collectors  were  keenly  aware  of  the  importance  of  obtaining, 
if  possible,  all  the  milk  in  the  breast. 

TABLE  IX 


The  Fat  Content  of  Milk  Samples  Obtained  at  Reading  by  Different  Collectors 


Date 

Collector 

Number  of 
samples 

Mean  value 
(g.  per  100  ml.) 

1941-42  . 

M 

49 

4-50 

1 942^43  . 

O 

192 

4-73 

1944  . 

M 

16 

4-69 

1944  . 

S 

18 

4-59 

1944  . 

T 

6 

4-37 

1944-45  . 

O 

180 

4-76 

The  evidence  available  does  not  provide  an  explanation  of  the  difference  in 
fat  content  between  milk  from  Reading  and  from  Shoreditch.  Since  it  is  not 
certain  that  the  technique  of  sampling  was  exactly  the  same  at  both  places,  we 
hesitate  to  ascribe  to  the  difference  a  dietary  significance.  The  fact  that  the 
solids-not-fat  content  of  milk  was  the  same  at  Shoreditch  and  Reading  gives 
additional  weight  to  the  view  that  the  difference  in  fat  content  was  not  of 
nutritional  origin. 
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B.  The  Solids-not-fat  and  its  Constituents 

by  S.  K.  Kon,  E.  H.  Mawson  and  S.  J.  Rowland 


Sampling  errors  in  the  determination  of  the  fat  content  of  mil 
The  influence  of  the  stage  of  lactation  on  the  fat  content  of  milk 
The  influence  of  milk  yield  on  the  fat  content  of  milk 
The  fat  content  of  milk  studied  in  1942-45 
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solids-not-fat  content  of  milk 
The  solids-not-fat  content  of  the  samples  of  milk  was  obtained  as  the  difference 
between  the  total  solids  content,  determined  by  drying  milk  in  the  steam-oven 
by  the  technique  of  Golding  (1934),  and  the  fat  content  determined  by  the 
Rose-Gottlieb  method  as  described  on  p.  19.  During  1941-45  values  were 
obtained  for  1,045  samples  of  Reading  milk,  and  during  1942-45  for  492  samples 
of  Shoreditch  milk.  These  values  have  been  classified  according  to  the  stage 
of  lactation,  and  are  given  in  Table  X.  They  confirm  the  finding  of  earlier 
workers  that  the  solids-not-fat  content  of  human  milk  is  high  initially  and 
falls  slowly  throughout  lactation. 

TABLE  X 

The  Solids-not-fat  Content  of  Milk  according  to  Stage  of  Lactation 
( All  values  as  g.  per  100  ml.) 


Week  of 
lactation 

Reading,  1941-45 

Shoreditch,  1942-45 

Number  of 
samples 

Mean 

value 

Standard 

deviation 

Number  of 
samples 

Mean 

value 

Standard 

deviation 

2 

11 

9-44 

0-59 

5 

9-40 

0-24 

3 

6 

9-22 

0-32 

22 

9-40 

0-42 

4 

17 

908 

0-31 

46 

9-31 

0-32 

5-  8 

271 

904 

0-43 

231 

913 

019 

9-12 

314 

8-94 

0-42 

71 

8-92 

0-37 

13-16 

237 

8-90 

0-42 

60 

8-89 

0-41 

17-20 

124 

8-74 

0-42 

40 

8-92 

0-42 

21-24 

51 

8-67 

0-36 

15 

8-88 

0-53 

25-28 

14 

8-79 

0-49 

2 

8-81 

For  a  comparison  of  the  solids-not-fat  contents  of  the  samples  examined 
during  the  different  years,  yearly  means  have  been  calculated  for  the  stages  of 
lactation  for  which  sufficient  values  were  available,  namely  from  the  5th-8th 
to  the  1 7th-20th  weeks.  The  data,  given  in  Table  XI,  show  that  the 

!£S?c0t'  at  content  of  the  milk  remained  constant  during  the  three  years 
1942-45,  and  that  there  was  no  difference  between  Reading  and  Shoreditch 
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TABLE  XI 

Yearly  Mean  Values  for  the  Solids-not-fat  Content  of  Milk 
Reading  and  Shoreditch  1941-45 


Year 

** 

Week  of 
lactation 

Reading 

Shoreditch 

Number 

of 

samples 

Mean 
value 
( g ■  per 
100  ml.) 

Standard 

deviation 

Number 

of 

samples 

Mean 
value 
(g.  per 
100  ml.) 

Standard 

deviation 

1941-42 

5-  8 

14 

8-78 

0-52 

9-12 

19 

8-69 

0-24 

13-16 

42 

8-71 

0-36 

None  taken 

17-20 

23 

8-56 

0-34 

1942-43 

5-  8 

55 

909 

0-33 

110 

9-22 

0-49 

9-12 

105 

8-91 

0-33 

19 

8-89 

0-45 

13-16 

90 

8-92 

0-37 

18 

8-89 

0-23 

17-20 

48 

8-78 

0-32 

14 

8-92 

0-47 

1943-44 

5-  8 

92 

907 

0-46 

73 

910 

0-36 

9-12 

81 

900 

0-47 

22 

903 

0-40 

13-16 

48 

8-94 

0-47 

19 

8-74 

0-50 

17-20 

27 

8-69 

0-46 

17 

8-97 

0-45 

1944-45 

5-  8 

110 

902 

0-44 

48 

8-98 

0-38 

9-12 

109 

8-97 

0-45 

30 

8-85 

0-28 

13-16 

57 

8-96 

0-44 

23 

9-01 

0-44 

17-20 

26 

8-90 

0-54 

9 

8-84 

0-31 

samples.  The  results  obtained  for  the  relatively  smaller  number  of  Reading 
samples  examined  during  the  year  1941-42  were,  however,  slightly  lower. 
We  are  unable  to  offer  an  explanation  of  this  difference,  especially  as  it  was  not 
accompanied,  as  will  be  seen  later,  by  any  corresponding  change  from  1941-42 
to  1942-43  in  the  lactose  and  protein  (nitrogen)  contents,  which  together 
comprise  a  high  proportion  of  the  solids-not-fat. 


The  levels  of  solids-not-fat  observed  in  the  present  study  agree,  in  general, 
with  those  recorded  in  the  literature.  We  do  not  propose  to  review  the 
literature,  much  of  it  very  old,  as  this  has  been  done  by  Gardner  and  Fox  (1925), 
Myers  (1927),  Lowenfeld,  Widdows,  Bond  and  Taylor  (1927),  and  Elsdon  (1928) 
in  their  own  contributions  to  the  subject.  The  present  investigation  of  the 
solids-not-fat  content  of  human  milk  is  much  more  extensive  than  any 
previously  reported,  and  the  literature  contains  few  data  relating  to  known 
stages  of  lactation  and  therefore  adequate  for  a  comparison  with  our  data. 
Owing  to  the  marked  effect  of  the  stage  of  lactation  on  the  solids-not-fat  content 
it  is  essential  to  consider  this  factor  in  comparing  the  results  of  different  workers. 


Elsdon  (1928)  analysed  529  samples  of  milk  from  86  women  living  in  the 
Salford  area,  and  for  280  samples  taken  between  the  8th  and  28th  days  of 
lactation  found  a  mean  solids-not-fat  content  of  8-58  g.  per  100  g.  For  the 
26  samples  taken  after  the  first  month  the  mean  value  was  8-48  g.  per  100  g., 
and  even  when  his  values  are  adjusted  to  the  basis  of  g.  per  100  ml.,  by  the 
addition  of  the  necessary  0-25  or  so,  they  would  appear  to  be  somewhat  lower 
than  ours.  In  the  absence  of  any  statistical  treatment  the  significance  of  the 
apparent  difference  cannot  be  assessed. 
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TABLE  XII 


The  Lactose  Content  of  Milk  according  to  Stage  of  Lactation 
( All  values  as  g.  per  100  ml.) 


Week  of 
lactation 

Reading,  1941-43 

Number  of 
samples 

Mean 

value 

Standard 

deviation 

2 

12 

6-56 

0-42 

3 

4 

6-68 

0-23 

4 

6 

6-86 

0-26 

5-  8 

62 

6-90 

0-31 

9-12 

112 

6-90 

0-49 

13-16 

118 

6-93 

0-28 

17-20 

70 

6-97 

0-23 

21-24 

33 

7  04 

018 

25-28 

10 

7-15 

015 

Shoreditch,  1942-43 


Number  of  Mean  Standard 

samples  value  deviation 


10  6-88  0-36 

28  6-91  0-39 

78  6-94  0-36 

11  707  0-27 

19  6-92  0-20 

11  701  0-25 

2  6-94  — 


THE  LACTOSE  CONTENT  OF  MILK 

Samples  received  during  the  two  years  1941—43  were  analysed  for  lactose 
content  by  a  modification  of  the  chloramine-T  method  of  Hinton  and 
Macara  (1927).  In  all  586  samples  were  examined,  and  the  results,  classified 
according  to  the  stage  of  lactation,  are  given  in  Table  XII.  The  lactose  content 
increases  during  the  early  weeks  of  lactation  and  then  remains  constant  until 
the  last  few  weeks.  Our  results  are  in  good  agreement  with  those  of  previous 
workers,  including  Widdows,  Lowenfeld,  Bond  and  Taylor  (1930)  and  Slater 
and  Rial  (1942).  There  is  close  agreement  also  between  the  results  obtained 
at  Reading  and  Shoreditch,  and  between  the  results  obtained  at  Reading  during 
the  two  separate  years.  Thus  for  Reading  milk  samples  between  the  5th  and 
24th  weeks  of  lactation  the  mean  values  were  7-00  and  6-91  g.  per  100  ml. 
for  1941-42  and  1942-43  respectively.  This  uniformity  is  not  surprising, 
since  Shukers,  Macy,  Nims,  Donelson  and  Hunscher  (1932),  Ruzicic  (1934), 
and  Escudero  and  Pierangeli  (1941)  have  shown  that  the  lactose  content  remains 
relatively  constant  and  is  little  affected  by  changes  of  diet. 


TABLE  XIII 

The  Total  Nitrogen  Content  of  Milk  according  to  Stage  of  Lactation 
{All  values  as  mg.  per  100  ml.) 


Reading,  1941-43 


Shoreditch,  1942-43 


W eek  of  Number  of 

lactation  samples 


2 

3 

4 

5-  8 
9-12 
13-16 
17-20 
21-24 
25-28 


12 

5 

7 

63 

115 

124 

68 

33 

10 


Mean 

value 


270 

230 

211 

209 

196 

191 

185 

186 
158 


S tandar d  Number  of 
deviation  samples 


38 
41 
19 
25 

39 
25 
23 
28 
17 


10' 

28 

78 

11 

19 

11 

2 


Mean 

value 


248 

235 

216 

192 

197 

190 

190 


Standard 

deviation 


20 

41 

.31 

23 

22 

13 
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THE  TOTAL  NITROGEN  CONTENT  OF  MILK 

The  total  nitrogen  content  of  596  samples  received  from  both  places  during 
1941-43  was  determined  by  the  Kjeldahl  method,  and  the  results  are  given, 
according  to  the  stage  of  lactation,  in  Table  XIII.  The  total  nitrogen  content 
falls  rapidly  during  the  first  three  to  four  weeks  of  the  lactation,  and  gradually 
thereafter.  The  Reading  and  Shoreditch  values  are  in  close  agreement,  as  also 
are  the  mean  values  obtained  at  Reading  in  1941-42  and  1942-43,  namely 
190  and  196  mg.  per  100  ml.  respectively.  Similar  values  are  recorded  in  the 
literature  (Elsdon,  1928  ;  Widdows  et  al. ,  1930). 


THE  CALCIUM  AND  PHOSPHORUS  CONTENTS  OF  MILK 

The  determination  of  calcium  and  phosphorus  was  restricted  to  samples  taken 
at  Reading  during  the  first  year  of  the  investigation.  The  milk  was  incinerated 
in  an  electric  muffle  furnace,  and  from  a  solution  of  the  ash  the  calcium  was 
precipitated  as  oxalate  and  titrated  with  permanganate,  and  the  phosphorus 
was  precipitated  as  strychnine  phosphomolybdate  by  the  method  of  Embden 
(1921),  as  described  by  Peters  and  Van  Slyke  (1932),  and  weighed  as  such. 

Our  results  are  summarized  in  Table  XIV  :  the  number  of  samples  examined 
was  not  sufficient  to  show  clearly  the  trend  with  lactation  observed  by  other 
workers,  but  the  general  level  of  our  results  is  similar  to  that  previously  recorded. 


TABLE  XIV 

The  Calcium  and  Phosphorus  Contents  of  Milk  according  to  Stage  of  Lactation 

Reading,  1941-42 


The  calcium  and  phosphorus  contents  of  human  milk  vary  widely ,fr°™ 
sample  to  sample,  and  we  observed  a  range  of  1 9  ■  3  to  40  •  1  mg.  per 1  ml. 
calcium  and  of  10-2  to  19-8  mg.  per  100  ml.  for  phosphorus  in  samples 
in  the  third  week  of  lactation.  These  are  comparable  with  ranges i  of  25-0  to 
41  ■  0  mg.  for  calcium  and  10  •  0  to  1 8  ■  0  mg.  for phosphorus  found  by  Drummond 

Gray  and  Richardson  (1939),  and  of  17  to  42  mg.  an  ,  (1930) 

Ritchie  (1942).  Similar  data  have  also  been  given  by  Widdows  et  al.  (1930), 

Stearns  (1939),  and  Winikoff  (1944). 


THE  CONSTITUENTS  OF  MILK 

It  is  of  interest  to  note  that  our  typical  results  were  obtained  at  a  time  when 
the  allowance  of  milk  for  lactating  women  was  only  one  pint  daily.  The  tap 
water  in  the  Reading  area  is  very  hard  and  contains  approximately  10  mg. 
calcium  per  100  ml. 
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C.  The  Biological  Value  of  the  Proteins  of  Milk 

by  K.  M.  Henry,  S.  K.  Kon  and  E.  H.  Mawson 

An  opportunity  arose  in  the  course  of  the  study  of  human  milk  to  examine 
with  rats  the  biological  value  of  its  proteins.  In  1944  when  this  was  done,  the 
evidence  on  the  comparative  value  for  the  infant  of  breast  and  cow’s  milk  was 
mainly  clinical.  Since  then,  several  authors  have  published  results  of  detailed 
analysis  of  the  amino-acid  constitution  of  the  proteins  of  both  milks. 

In  the  experiment  separated  human  and  cow’s  milks  were  freeze-dried  at  the 
Low  Temperature  Research  Station,  Cambridge.  The  human  milk  was  from 
early  lactation,  collected  over  a  period  of  2-3  weeks  from  women  at  Paddington 
Hospital.  Its  nitrogen  content  after  drying  was  2-93  per  cent.,  nearly  twice 
the  value  found  in  later  lactation.  The  cow’s  milk  was  bulk  milk  from  the 
herd  of  the  National  Institute  for  Research  in  Dairying. 

The  biological  value*  and  true  digestibility*  of  the  proteins  of  the  milks 
were  determined  on  rats,  at  an  8  per  cent,  level  of  protein  (N  x  6*38)  intake, 
by  the  method  of  Mitchell  (Mitchell,  1923-24  ;  Mitchell  and  Carman,  1926). 
The  composition  and  analysis  of  the  experimental  diets  are  given  in  Table  XV. 


TABLE  XV 

Composition  and  Analysis  of  the  Experimental  Rat  Diets 


Component 

Diet  229 

Diet  230 

Human  milk,  separated,  dried . 

Cow’s  milk,  separated,  dried . 

Salts  (de  Loureiro,  1931) . 

Margarine  fat . 

Sugar,  granulated,  ground  •  ••••• 

Potato  starch . 

Rice  starch . 

N  (per  cent.) . 

Moisture  (per  cent.) . 

42-02 

4- 00 
10-00 

12  00 

10  00 
21-98 

1-259 

5- 81 

21-32 

4-00 

10-00 

12-00 

10-00 

42-68 

1-285 

7-36 

Three  litters  of  4  female  rats  33  days  old  and  weighing  83  to  92  g.  were  used. 
Six  pairs  of  littermates  were  thus  available.  Each  member  of  a  pair  was  allocated 
by  toss  of  coin  to  cow’s  milk  or  human  milk,  and  the  rats  receiving  human  milk 
in  the  first  experimental  period  received  cow’s  milk  in  the  second  and  vice  versa. 
Full  details  of  the  experimental  technique  have  been  described  by  Henry, 
Kon  and  Watson  (1937).  The  results  of  the  experiment  are  given  in  Table  XVI. 


*  The  biological  value  is  the  ratio  (expressed  as  percentage)  of 
that  absorbed  ;  the  true  digestibility  is  the  ratio,  similarly  expressed,  of  the  food  mtroge 

absorbed  to  the  nitrogen  intake. 
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TABLE  XVI 

Mean  Values  with  their  Standard  Errors  for  the  Biological  Value  and  True 
Digestibility  of  the  Proteins  of  Human  and  Cow  s  Milk 


Experimental  period 

Biological  value 

True  digestibility 

Human 

milk 

Cow's 

milk 

Human 

milk 

Cow's 

milk 

First  ....•• 

Second . 

Mean . 

88-0±4-65 

8M±500 

85-7±3-55 

93-8±0-83 

75-5±3-47 

84-7±3-24 

78- 7±3-76 
80*  1±1  •  18 

79- 2±2-46 

94 • 5  ± 1 • 08 
90  -  5  d=  1  •  4 1 
92-5±104 

Serious  difficulties  were  encountered  in  carrying  out  the  tests  with  human  milk 
as,  owing  no  doubt  to  its  high  lactose  content,  all  animals  receiving  it  developed 
diarrhoea  to  a  greater  or  lesser  extent.  During  the  first  experimental  period 
fairly  satisfactory  collections  of  excreta  were  made,  although  for  two  rats 
it  was  only  possible  to  collect  over  four,  instead  of  the  normal  six,  days.  In  the 
second  experimental  period  results  with  human  milk  were  only  obtained  for  three 
of  the  six  rats.  When  the  six  rats  which  received  human  milk  in  the  first  experi¬ 
mental  period  were  given  cow’s  milk  in  the  second,  diarrhoea  ceased,  but  it  should 
be  noted  that  they  yielded  a  low  biological  value  for  cow’s  milk  proteins, 
75-5,  as  compared  with  93-8  obtained  with  the  other  six  rats  in  the  first  period. 

The  mean  biological  values  of  85-7  and  84-7  obtained  for  the  proteins  of 
the  two  milks  are  very  similar,  and  this  finding  lends  support  to  the  view  of 
Block  and  Bolling  (1946),  based  on  amino-acid  analysis,  that  human  milk 
proteins  are  not  superior  to  those  of  cow’s  milk.  These  authors  and  Williamson 
(1944)  have  shown  that,  with  the  exception  of  cystine  and  methionine,  only 
small  differences  exist  in  the  amounts  of  the  essential  amino-acids  in  human 
milk,  and  in  cow’s  milk  suitably  diluted  for  the  infant.  Human  milk  contains 
more  cystine  but  less  methionine  than  cow’s  milk  ;  the  total  content  of  sulphur 
amino-acids  is  almost  the  same  for  the  two  types  of  milk.  Mitchell  and  Block 
(1946)  carried  out  amino-acid  analyses  of  a  large  number  of  foods  and  compared 
the  results  with  those  obtained  for  whole  egg,  the  proteins  of  which  are  almost 
completely  utilized.  They  concluded  that  cystine  and  methionine  were  limiting 
acids  for  cow  s  milk  and  methionine  only  for  human  milk. 

The  true  digestibility  of  the  human  milk  proteins  was  markedly  lower  than 
for  cow’s  milk,  but  this  result  was  to  be  expected  in  view  of  the  intestinal 
disturbances  which  occurred  in  the  animals  receiving  the  former  milk. 
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The  importance  of  the  fatty  fraction  of  milk  in  infant  nutrition  has  long 
been  recognized.  At  the  beginning  of  the  century  Mori  (1904)  attri  ute 
xerophthalmia  in  certain  breast-fed  infants  to  the  extremely  low  fat  content 
of  the  mothers’  milk.  He  was  able  to  relieve  the  condition  by  administering 
oil,  cod  liver  oil  being  the  most  effective.  The  mothers  of  these  infants  were 
also  suffering  from  xerophthalmia,  which  Mori  believed  to  be  a  result  of  their 
inability  to  absorb  fat.  In  the  earlier  investigations  of  fat-soluble  vitemms, 
vitamins  A  and  D  were  not  recognized  as  separate  factors,  so  that  Hume(l92.), 
who  was  the  first  to  measure  “  vitamin  A  ”  biologically  in  milk  was  measuri  g 
vitamin  D  as  well  as  vitamin  A.  Kennedy,  Palmer  and  Schlutz  (1923)  fou 
that  10  c.c.  milk  daily  from  mothers  receiving  an  adequate  diet  furnls|le^s.y/fi?.,“ 
vitamin  A  for  optimal  growth  of  rats  but  that  the  same  arnountofmlk  from 

mothers  whose  diets  were  considered  to  be  inadequately  supphed  wrth 

vitamins  A  and  B  did  not.  Macy,  Outhouse,  Graham  and  Long  (192/)  ana 
Macy,  Outhouse  and  Hunscher  (1928)  found  that  nauch  smaller  amounts  of 
milk  (2-5  to  3  c.c.)  were  sufficient  for  optimum  growth  and  reproduction  in  th 
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rat  They  obtained  results  fqr  pooled  samples  and  for  milk  from  individual 
wet-nurses  The  diet  of  all  these  women  was  apparently  satisfactory. 
Meulemans  and  de  Haas  (1936)  found  that  the  vitamin  A  content,  as  measured 
Ty  ihe  Carr-Price  reaction,  of  colostrum  and  milk  from  European  women  in 
Batavia  was  greater  than  that  of  milk  from  Chinese  or  native  women 
Xerophthalmia  was  known  to  occur  frequently  among  the  natives.  Later  the 
same  workers  (de  Haas  and  Meulemans,  1938)  found  that  milk  from  two 
mothers  whose  babies  were  suffering  from  xerophthalmia  contained  no 
vitamin  A,  and  the  milk  from  a  third  only  a  small  amount. 

Since  1934,  several  studies  have  been  made  of  the  vitamin  A  content  of 
human  milk,  mostly  by  use  of  the  Carr-Price  reaction.  Although,  for  reasons 
which  will  be  discussed  in  detail  later,  few  of  the  results  from  different 
laboratories  are  comparable  quantitatively,  it  is  clear  that  considerable  amounts 
of  vitamin  A  are  normally  secreted  into  human  milk,  and  that  consequently 
lactation  must  involve  a  substantial  drain  on  the  vitamin  A  resources  of  the 


mother. 

The  purpose  of  our  investigation  was  to  determine  how  far  the  results  of  the 
estimation  of  vitamin  A  in  single  specimens  of  milk  from  large  numbers  of 
women  are  indicative  of  the  general  level  of  vitamin  A  nutrition  of  these  women. 
We  have  endeavoured  to  avoid  errors  in  obtaining  samples  and  have  studied 
the  influence  of  factors  other  than  diet  which  might  affect  the  vitamin  A  and 
carotenoid  content  of  human  milk.  Among  these  are  the  fat  content  of  the 
milk,  the  stage  of  lactation,  the  yield  of  milk,  and  the  age  and  parity  of  the 
mother.  We  have  also  studied  the  contribution  of  the  carotenoids  to  the 
vitamin  A  activity  of  human  milk  and  the  relationship  between  the  content 
of  these  substances  in  milk  and  in  blood. 


THE  ESTIMATION  OF  VITAMIN  A  AND  CAROTENOIDS  IN  MILK  AND 

BLOOD 

Preparation  of  Milk  Sample  for  Analysis 

The  fat  extracted  from  the  milk  by  the  Rose-Gottlieb  method  (p.  19)  was  used 
for  the  determination  of  vitamin  A  and  carotenoids.  The  amount  varied 
considerably  but  was  usually  between  0-4  and  1*5  g.  This  was  saponified  by 
heating  on  a  steam  bath  for  5  minutes  with  5  ml.  absolute  ethyl  alcohol  and 
1  •  1  ml.  60  per  cent,  potassium  hydroxide.  At  the  end  of  this  time  20  ml.  distilled 
water  was  added  and,  after  cooling,  the  material  was  poured  into  a  separating 
funnel  and  extracted  with  20  ml.  diethyl  ether.  Two  further  extractions  were 
done,  each  with  13  ml.  ether.  Fresh  anaesthetic  ether,  free  from  peroxides, 
was  used  throughout.  The  extracts  were  combined  and  washed  three  times 
wnh  20  ml.  distilled  water.  After  drying  over  anhydrous  sodium  sulphate 
(  ense)  the  ether  extract  was  filtered  through  a  sintered  glass  filter  into  a  distilla- 
tion  flask  both  the  sodium  sulphate  and  the  filter  being  well  washed  with  ether 
Most  of  the  ether  was  removed  by  distillation  on  a  steam  bath  and  the  small 
remaining  portion  by  reduced  pressure  after  removal  from  the  bath  After 
coohng,  air  was  admitted  to  the  flask  and  3  ml.  analytical-quality  chloroform 
added  immediately.  The  flask  was  then  stoppered  tightly.  Two  portions  of 
0-5  ml.  of  this  extract  were  used  for  the  estimation  of  vitamin  A  and  the 
remaining  \  ml.  for  total  carotenoids.  Apparatus  with  ground-glass  joints 

(8< 978) 
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and  stoppers  was  used  throughout.  If  chromatographic  separation  of  the 
carotenoids  was  to  be  carried  out,  the  residue  was  dissolved  in  //-hexane 
instead  of  chloroform. 


Methods  of  Determination  of  Vitamin  A  and  Carotenoids  in  Milk 

For  the  first  six  months  the  Lovibond  Tintometer  was  used  (Gillam,  Henry, 
Kon  and  White,  1938).  After  that  measurements  of  vitamin  A  and  carotenoids 
were  made  in  the  photoelectric  spectrophotometer  designed  and  constructed 
by  Thompson  (1942,  1949)  ;  this  instrument  has  a  special  logarithmic  scale 
giving  a  direct  reading  of  the  extinction  coefficient  of  a  solution.  For  vitamin  A 
the  spectrophotometer  was  set  at  620  m/i.  and  adjusted  to  give  full-scale  deflection 
with  a  cell  containing  solvent.  A  cell  containing  0-5  ml.  extract  and  10  drops 
of  analytical  quality  acetic  anhydride  was  then  put  in  place  of  the  cell  containing 
the  solvent,  and  2  ml.  of  the  antimony-trichloride-in-chloroform  reagent  (British 
Drug  Houses,  Ltd.)  were  added.  The  reading  was  taken  as  soon  as  the  galvano¬ 
meter  needle  reached  a  stable  position,  usually  after  about  3  •  5  seconds.  Good 
agreement  was  as  a  rule  obtained  between  the  duplicate  readings.  We  have 
adopted  Moore’s  (1939)  proportion  of  4  parts  antimony  trichloride  reagent  to 
1  part  chloroform  solution  in  preference  to  the  10  :  1  proportion  more  frequently 
used,  because  we  consider  that  0-5  ml.  chloroform  solution  be  measured  more 
accurately  than  0  •  2  ml.  Only  one,  or  at  the  most  two,  drops  of  acetic  anhydride 
proved  necessary  for  vitamin  A  concentrates  but  with  human  milk  extracts 
cloudy  solutions  were  apt  to  occur  unless  a  larger  amount  was  used.  The 
addition  of  10  drops  was  therefore  adopted  as  a  standard  procedure.  This 
gave  a  somewhat  lower  E  value  for  vitamin  A  concentrates  and  allowance  has 
been  made  for  this  in  calculating  the  results. 

For  the  estimation  of  total  carotenoids  the  instrument  was  set  at  463  m/f. 
for  chloroform  or  451  m //.  for  hexane  and  adjusted  to  full  scale  deflection 
with  a  cell  containing  solvent.  The  2  ml.  of  chloroform  (or  hexane)  solution 
of  the  milk  extract  remaining  after  the  determination  of  vitamin  A  was  then 
placed  in  position  and  the  galvanometer  reading  taken. 

In  June,  1942,  a  sudden  fall  occurred  in  the  carotenoid  content  of  the  milk 
fat  of  both  Reading  and  Shoreditch  samples.  The  abruptness  of  this  change 
suggested  that  there  was  some  technical  reason  for  it,  but  we  had  been  careful 
to  avoid  any  change  in  procedure  and  as  far  as  we  are  aware  none  occurred 
other  than  that  from  tintometer  to  spectrophotometer  in  January,  1942.  ltus 
matter  is  further  discussed  on  p.  62. 


The  Determination  of  Vitamin  A  and  Carotenoids  in  Blood  Serum  or  Plasma 

Serum  and  plasma  were  treated  in  the  same  way  ;  10  ml.  of  material  were 
mixed  gradually  and  with  shaking  with  10  ml.  absolute  alcohol  ;  25  ml.  analytical 
quality  petroleum  ether  (b.p.  40°-60°  C.)  were  then  added  and  the  whok  was 
shaken  for  5  minutes.  A  second  extraction  was  carried  out,  also  with  25  ml 
netroleum  ether  The  proportions  of  reagents  were  kept  constant  even  when  t 
amount  of  erum  was  less  than  10  ml.  The  two  extracts  were  combined  and 
Xst of  the  petroleum  ether  was  removed  by  distillation.  In  later  «penmenU 
the  small  remaining  amount  of  petroleum  ether  solution  was  made  up  to  . 

IndTe  "arcLoids  were  determined  berore  saponmcahon^s  des  nbed 

above,  for  hexane  solutions  of  milk  carotenoids.  This  was  done  becau 
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found  that  usually  there  was  a  loss  in  the  total  carotenoids  during  saponifi^tion 
Saponification  was  carried  out  in  the  same  way  as  for  milk  fat  (p.  33),  except 
that  it  was  continued  for  15  instead  of  5  minutes.  The  rest  of  the  procedure 
including  chromatography,  was  the  same  as  for  milk.  The  estimatmn  o 
vitamin  A  without  saponification  advocated  by  some  workers  (Yudkin,  194  ) 
led  in  our  experience  to  low  results  or  else  cloudiness  with  antimony  trichloride. 


Calibration  of  the  Spectrophotometer 

Calibration  of  the  instrument  for  vitamin  A  measurement  was  carried  out  with 
a  concentrate  of  natural  vitamin  A  esters  from  fish  liver  oil,  prepared  by 
Distillation  Products  Inc.  and  very  kindly  given  to  us  by  Dr.  T.  H.  Mead  of 
The  British  Drug  Houses,  Ltd.  This  concentrate  was  found  by  us  to  have  a 

value  for  eJJ,.  at  620  nyi.  of  319.  Dr.  Mead,  using  a  Bellingham  and  Stanley 
visual  spectrophotometer,  obtained  a  value  of  324  at  620  mp.  and,  with  a  Hilger 
medium  quartz  spectrograph,  a  value  of  106  at  325  m/<.  The  potency  of  the 
oil  in  International  Units  was  taken  as  106  X  1,600  =  170,000  I.U.  in  round 
figures.  The  E620mfl.  value  found  with  4  parts  of  antimony  trichloride  solution 
to  1  part  of  chloroform  was  the  same  as  with  a  ratio  of  10  :  1 . 

Calibration  for  carotene  was  carried  out  with  pure  /5-carotene  also  obtained 

from  Dr.  Mead.  This  gave  a  value  for  Eic£,  at  463  m//.  of  2,200  in  chloroform, 
and  at  451  m».  of  2,380  in  petroleum  ether  or  hexane.  The  relation  between  the 
concentration  of  /5-carotene  and  the  value  for  the  extinction  was  linear. 


The  “  Blue  Value  ”  of  Milk  Carotenoids 

A  correction  for  the  blue  colour  produced  by  the  reaction  of  antimony 
trichloride  with  the  carotenoids  of  human  milk  proved  unnecessary.  Tests 
with  artificial  mixtures  of  0-carotene,  lycopene,  lutein,  and  cryptoxanthin,  which 
appears  on  the  chromatographic  column  in  the  same  place  as  the  unknown 
pigment  (see  p.  53),  showed  that,  under  our  conditions,  the  correction  would 
amount  to  less  than  0-5  per  cent.  This  is  partly  due  to  the  small  amount  of 
carotenoids  in  human  milk  as  compared  with  the  amount  of  vitamin  A.  In 
addition,  the  blue  colour  from  the  carotenoids  has  its  maximum  absorption 
at  a  shorter  wavelength  and  develops  less  rapidly  than  that  from  vitamin  A. 
Readings  were  taken  as  soon  as  possible,  so  that  interference  from  carotenoids 
was  reduced  to  a  minimum. 

The  proportion  in  which  the  various  carotenoids  are  present  in  milk  is  also  a 
factor  in  determining  their  “blue”  value  since  they  do  not  all  give  the  same 
intensity  of  blue  colour  with  antimony  trichloride. 


The  Chromatographic  Separation  of  Milk  and  Blood  Carotenoids 

The  2  ml.  of  hexane  solution  of  milk  extract  which  were  used  for  determining 

“f™ were  ^-transferred  quantitatively  from  the  cell  to  the  flaskf 
and  most  of  the  hexane  was  removed  under  reduced  pressure.  The  small  amount 

aL  M  "7'  ™S,  P°Ured  qUantitat,ve|y  O"  to  a  column  of  Savory 

and  Moore  s  Mayfair  alumina,  about  3  mm.  in  diameter  and  30  mm  Ion/ 

Beta-carotene  was  eluted  with  1  or  2  per  cent,  acetone  in  hexane,  lycopene  whh 
per  cent,  acetone  in  hexane,  the  unknown  pigments  with  20  Der  cent  aretr, 
tn  hexane,  and  lutein  with  8  per  cent,  ethyl  alcohol  in 
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of  liquid  were  used  for  elution  and  each  fraction  was  made  up  to  2  ml.  with 
hexane.  Readings  were  taken  in  the  photoelectric  spectrophotometer  at 
451  m«.  in  the  same  way  as  for  total  carotenoids. 


SAMPLING  ERRORS  IN  THE  ESTIMATION  OF  VITAMIN  A  AND 

CAROTENOIDS  IN  MILK 


We  have  already  stressed  the  difficulty  of  obtaining  samples  of  milk  with  a 
representative  content  of  fat  and  this  is  equally  true  for  the  fat-soluble  vitamins. 
Thus,  when  the  fat  content  is  erroneously  high,  the  vitamin  A  and  carotenoid 
content  will  be  too  high  and  vice  versa.  The  conditions  under  which  too  high 
or  too  low  values  for  fat  are  likely  to  be  obtained  are  discussed  on  p.  18. 


Many  workers  who  have  reported  values  for  the  vitamin  A  and  carotenoid 
content  of  human  milk  have  failed  to  appreciate  fully  the  difficulty  of  avoiding 
sampling  errors  and  have  not  included  in  their  papers  sufficient  detail  of  the 
way  in  which  their  material  was  obtained.  Consequently  their  results  are 
difficult  to  interpret.  Chevallier,  Giraud  and  Dinard  (1939)  attempted  to 
standardize  conditions  by  taking  for  analysis  the  middle  portion  of  a  feed,  but 
this  procedure  does  not  seem  very  satisfactory  because  of  the  difficulty  of  deciding 
when  the  middle  of  a  feed  is  reached,  and  in  any  case  the  fat  content  of  the 
portion  selected  need  not  necessarily  be  the  same  as  that  of  the  whole  contents 
of  the  breast.  With  and  Friderichsen  (1939)  and  Escudero  (1939),  who  analysed 
the  milk  of  wet-nurses,  were  able  to  collect  all  the  milk  secreted  during  24  hours. 
Lesher,  Brody,  Williams  and  Macy  (1945)  used  24-hour  collections  of  milk, 
and  also  complete  expressions  of  one  or  both  breasts  obtained  between 
4  and  8  hours  after  the  last  feed,  and  obtained  similar  results  for  the  vitamin  A 
and  carotenoid  content  of  milk  by  the  two  methods. 


In  our  opinion  the  most  reliable  results  for  vitamin  A  and  carotenoids,  as 
well  as  for  fat,  are  obtained  by  collecting  all  the  milk  secreted  during  24  hours. 
Unfortunately,  as  we  have  explained  before,  this  is  quite  impossible  in 
investigations  on  large  numbers  of  women,  and  we  had  to  be  content  with 
a  complete  expression  of  one  or  both  breasts  four  to  six  hours  after  the  last  feed. 
Samples  were  of  necessity  obtained  during  the  morning  and  the  results  tended, 
therefore,  to  be  higher  than  for  24-hour  specimens  (p.  18),  but  we  thought  that 
this  would  not  matter  as  all  samples  would  be  equally  affected.  In  practice 
this  procedure  did  not  work  out  as  well  as  we  had  hoped.  Of  907  samples, 
obtained  from  Reading  mothers  between  1942  and  1945  and  examined  for 
vitamin  A  content,  593  were  collected  in  the  way  we  had  specified  and  could  be 
accepted  as  having  a  representative  fat  content  (see  P-19)  ;  their  vitamin  A 
values  were  therefore  considered  valid.  The  remaining  314  samples  were 
unsatisfactory  either  because  the  interval  elapsing  since  the  last  feed  was  greater 
than  six,  or  less  than  four,  hours  or  because  milk  from  two  breasts  which  had  been 
last  used  at  different  times  was  mixed.  At  Shoreditch  the  proportion  of 
unsatisfactory  samples  was  even  greater  (see  Table  IV,  p.  20).  In  view  of  thes 
difficulties  we  have  preferred  to  express  our  results  on  the  basis  of  the  vitamm  A 
and  carotenoid  concentration  in  the  milk  fat,  a  value  independent  of  such 
sampling  errors.  In  our  opinion  comparisons  made  in  this  way  of  the  vitamin  A 
and  carotenoid  content  of  the  milk  of  groups  of  women  are  sat tsfac ^  P“«ded 
that  there  is  no  reason  to  believe  that  a  particular  group  includes  a  high  proper 
lion  of  women  who  habitually  secrete  milk  with  a  fat  content  higher  or  lower 
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than  that  usually  found.  We  have,  for  the  most  part  used  this nC°a  T"d 
son  in  considering  the  factors  which  influence  the  level  of  vitamin  A  and 

carotenoids  in  milk. 


THE  RELATION  BETWEEN  THE  FAT  CONTENT  OF  MILK  AND  THE 
VITAMIN  A  AND  CAROTENOID  CONTENT  OF  MILK  AND  OF 

MILK  FAT 

None  of  the  few  investigators  who  have  considered  the  relationship  between 
the  fat  and  the  vitamin  A  and  carotenoid  content  of  milk  has  had  very  satis¬ 
factory  evidence  upon  which  to  base  conclusions.  Meulemans  and  de  Haas 
(1936),  who  found  no  such  relationship,  admittedly  took  no  measures  to  avoid 
sampling  errors  in  obtaining  their  material.  With  and  Friderichsen  (1939) 
took  satisfactory  precautions  with  their  samples  but  investigated  the  milk 
of  only  five  women.  Chevallier  et  al.  (1939)  found  a  correlation  between 
the  fat  and  vitamin  A  content  of  the  milk  of  any  individual  woman  but  the 
relation  was  less  clear  when  results  for  more  than  one  woman  were  considered. 
Shub  (1940)  observed  that  human  milk  samples  which  were  rich  in  fat  also  had  a 
particularly  high  content  of  vitamin  A. 


TABLE  XVII 

The  Relationship  between  the  Fat  Content  of  Milk  and  the  Vitamin  A  and 
Carotenoid  Content  of  Milk  and  of  Milk  Fat,  Reading,  1942-45 


Range  of 
fat  content 
( g.per  100  ml.) 

Number 

of 

samples 

Mean  vitamin 

A  content 

Number 

of 

samples 

Mean  carotenoid  content 

I.  U.  per 
100  ml. 

I.U.  per  g.  fat 
Standard 
Value  deviation 

[ig.  per 
100  ml. 

fxg.  per  g.  fat 
Standard 
Value  deviation 

100-  1-99 

9 

58-9 

35-7 

11-1 

9 

7-08 

4-29 

2-29 

2  00-  2-99 

52 

82-3 

32-5 

8-3 

52 

10-69 

4-25 

1-73 

3  00-  3-99 

105 

1 19-3 

33-6 

10-5 

108 

13-53 

3-78 

1-26 

4  00-  4-99 

177 

143-0 

32-0 

8-9 

182 

16-62 

3-71 

1-25 

5  00-  5-99 

146 

170-9 

31  -3 

8-8 

147 

18-91 

3-47 

119 

6  00-  6-99 

69 

193-8 

30- 1 

7-9 

69 

21-25 

3-30 

1  •  10 

7  00-  7-99 

23 

213-1 

28-6 

5-8 

23 

23-91 

3-21 

1  -24 

8  00-  8-99 

6 

206-8 

24-8 

8-0 

6 

21-85 

2-62 

1  -03 

9  00-  9-99 

5 

235-6 

25-2 

6-0 

5 

24-68 

2-64 

1-30 

1000-10-99 

0 

— 

_ 

—  , 

0 

1 1  00-1 1  -99 

1 

167-0 

14-0 

— 

1 

26-18 

2-2 

— 

The  results  for  the  vitamin  A  content  of  the  milk,  collected  as  described 
above  from  the  593  Reading  women,  are  set  out  according  to  fat  content  in 
Table  XVII  together  with  results  for  the  carotenoid  content  of  similar  samples 
from  602  Reading  women.  It  is  clear  that  the  content  of  vitamin  A  and 
carotenoids  in  milk  varies  markedly  with  the  fat  content,  milk  rich  in  fat  having 
ft  high  content  of  vitamin  A  and  carotenoids,  and  vice  versa.  The  Table  also 
shows  another  correlation,  namely  that  the  concentration  of  vitamin  A  and 
arotenmds  in  the  milk  fat  is  related  to  the  fat  content,  higher  concentrations 
of  both  substances  being  associated  with  a  low  fat  content,  and  vice  versa  The 
correlation  coefficient  for  vitamin  A,  -  0- 18  ±  0  04  is  significant  and  the  trend 
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is  clear  and  suggests  that  the  mammary  gland  tries  to  compensate  for  a  low  fat 
content  by  increasing  the  vitamin  A  concentration  of  milk  fat.  The  correlation 
coefficient  between  the  fat  content  and  the  carotenoid  concentration  of  milk 

fat’  T  0-22  i  °'04»  is  also  significant.  The  two  correlation  coefficients  are 
not  significantly  different  from  one  another. 

Kon,  Mawson  and  Thompson  (1944)  showed  that  the  fat  of  a  fraction  of 
cow’s  milk  containing  only  very  small  fat  globules  had  a  very  much  higher 
carotenoid  content  than  that  of  milk  containing  large  fat  globules,  whereas  the 
vitamin  A  content  was  no  different.  They  concluded  that  the  carotenoids 
were  associated  with  the  fat  globule  membrane  whereas  the  vitamin  A  was  equally 
distributed  throughout  the  fat.  Since  milk  with  a  low  fat  content  contains 
relatively  more  small  fat  globules  than  milk  with  a  high  fat  content  (Associates 
of  Rogers,  1935  ;  Rauer,  1933),  it  was  to  be  expected  that  variations  in  the 
carotenoid  content  of  fat  according  to  the  fat  content  of  milk  would  be  somewhat 
more  marked  than  for  vitamin  A.  We  believe  that  this  accounts  for  some  of  the 
differences  in  behaviour  of  carotenoids  and  vitamin  A  in  cow’s  milk  and  in 
human  milk,  and  other  instances  of  this  will  be  quoted  later. 

VARIATIONS  IN  THE  VITAMIN  A  AND  CAROTENOID  CONTENT 
OF  THE  MILK  OF  INDIVIDUAL  WOMEN 

Changes  which  may  occur  in  the  vitamin  A  and  carotenoid  content  of  milk 
throughout  the  day  were  studied  by  With  and  Friderichsen  (1939),  who  found 
no  parallelism  between  the  amount  of  these  substances  and  the  fat  content 
in  the  milk  of  three  wet-nurses,  except  at  5.0  a.m.  when  all  these  constituents 
were  low.  x 

Since  we  wished  to  determine  whether  the  vitamin  A  and  carotenoid  content 
varied  independently  of  the  usual  diurnal  variations  in  fat  content  (p.  18)  we 
made  our  comparisons  on  the  basis  of  the  concentration  of  these  factors  in  the 
milk  fat.  Table  XVIII  shows  the  results  for  10  samples  of  milk,  one  from 
each  breast  at  each  feed,  obtained  from  one  woman  during  a  period  of  24  hours. 
There  was  very  little  variation  in  vitamin  A  content  between  sides  or  between 


TABLE  XVIII 

The  Vitamin  A  and  Carotenoid  Content  of  the  Milk  of  One  Mother 

throughout  the  Day * 


Right  breast 

Left  breast 

Carotenoids 

Vitamin  A 

Fat 
ig-  per 
100  ml.) 

Carotenoids 

Vitamin  A 

Time 

of 

feed 

Fat 

ig-  per 
100  ml.) 

0 ig.  per 
100  ml.) 

(pg.  per 
g-fat) 

11.  U.  per 
100  ml.) 

{I.U.  per 
g-fat) 

itig.  per 
100  ml.) 

ipg.  per 
g.  fat) 

(/.  U.  per 
100  ml.) 

(I.U.  per 
g-fat) 

а. m. 

б. 0 
10.0 

3- 95 

4- 97 

18-9 

22-7 

4-8 

4-6 

116 

135 

29 

27 

4-87 

8-76 

19  7 
37-4 

40 

4-3 

125 

262 

26 

30 

p.m. 

2.0 

6.0 

10.0 

11-90 

5-98 

3-42 

41  -  5 
24-4 
11-2 

3-5 

41 

3-3 

322 

183 

101 

27 

31 

29 

8- 45 

9- 80 
5-94 

320 

38-5 

23-5 

3-8 

3-9 

40 

264 

291 

168 

31 

30 

28 

*  Milk  samples  taken  immediately  after  baby  s  feeds. 
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TABLE  XIX 

The  Vitamin  A  Content  of  the  Milk  of  Three  Mothers  throughout  the  Day 


( All  results  as  I.U.  per  g.  fat ) 


Mother's 

number 

Breast 

used 

Time  of  feed 

6.0  a.m.  10.0  a.m.  2.0  p.m.  6.0  p.m.  10.0  p.m. 

370 

Right  . 

Left 

18  —  21  19  23 

_  _  21  19  20 

378 

Right  . 

Left 

—  31  —  30  — 

28  —  30  —  30 

424 

Right  . 

Left 

18  17  20  21  17 

17  21  22  18  16 

different  feeds.  The  overall  coefficient  of  variation  for  vitamin  A  per  g.  fat 
was  6  1  per  cent.  The  carotenoid  content  was  somewhat  more  variable,  the 
coefficient  of  variation  for  content  per  g.  fat  amounting  to  11-3  per  cent. 
All  these  samples  were  taken  after  the  baby  had  been  fed,  and  the  results  are 
therefore  of  no  value  in  estimating  the  fat,  vitamin  A  or  carotenoid  content 
of  milk ,  but  they  are  a  good  illustration  of  the  errors  likely  to  arise  through 
unsatisfactory  methods  of  sampling.  In  Table  XIX  are  given  the  results  of 
similar  studies  for  vitamin  A  only,  carried  out  on  three  other  women,  though 
the  data  for  two  of  them  are  less  complete.  The  variations  in  these  three  women 
were  of  much  the  same  order  of  magnitude  as  those  shown  in  Table  XVIII, 
but  where  the  vitamin  A  content  of  the  milk  fat  was  low,  as  with  mother  No.  424, 
the  coefficient  of  variation  (11-3  per  cent.)  is  greater.  This  table  suggests  a 
slight  tendency  towards  lower  values  at  the  6.0  a.m.  feed.  It  may  be  that  the 
vitamin  A  content  of  milk  is  more  easily  influenced  by  the  consumption  of  meals 
containing  vitamin  A  than  has  been  thought  hitherto,  and  is  consequently  low 
in  the  morning  after  a  night’s  fasting.  It  will  be  shown  later  (p.  50)  that  the 
vitamin  A  content  of  milk  fat  is  markedly  increased  by  meals  containing  liver, 
and  possibly  other  foods  rich  in  vitamin  A  have  a  similar,  though  naturally 
less  marked,  effect. 

An  examination  of  two  portions  of  a  single  feed  (Table  XX)  suggests  that 
in  a  single  feed  the  vitamin  A  is  equally  distributed  throughout  the  milk  fat 
but  that  the  carotenoid  content  is  somewhat  lower  in  the  second  portion  than 
in  the  first. 


TABLE  XX 

The  Vitamin  A  and  Carotenoid  Content  of  Two  Portions  of  a  Single  Feed  from 

One  Woman 


Portion 

Fat 
(g-  per 
100  ml.) 

Carotenoids 
per  ([xg.  per 
100  ml.)  g.fat) 

Vitamin  A 

(/.  U.  per  (/.  U.  per 
100  ml.)  g.fat) 

First  (about  3  oz.) 

Second  (about  3  oz.) 

•  • 

4-57 

7-90 

19-7 

30-7 

4-3 

3-9 

159  35 

287  36 
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TABLE  XXI 

The  Vitamin  A  Content  of  the  Milk  of  Individual  Women  Measured  during 

3  Successive  Weeks 


Mother's 

number 

Vitamin  A  (/.  U.  per  g.  fat)* 

Mean 

Coefficient 
of  variation 

1st  week 

2nd  week 

3rd  week 

226 

31 

34 

40 

35 

131 

228 

24 

15 

41 

27 

49-7 

233 

63 

62 

57 

61 

5-3 

236 

31 

40 

46 

39 

19-4 

237 

47 

46 

35 

43 

15-7 

252 

19 

20 

18 

19 

5-3 

262 

27 

34 

25 

29 

17-5 

266 

37 

26 

35 

33 

17-7 

267 

39 

35 

33 

36 

8-6 

269 

19 

23 

26 

23 

15-5 

271 

57 

49 

41 

49 

16-3 

291 

32 

25 

30 

29 

12-4 

292 

23 

21 

20 

21 

7-2 

293 

34 

23 

30 

29 

19-2 

295 

22 

27 

25 

25 

10-3 

297 

36 

35  . 

32 

34 

61 

299 

17 

22 

23 

21 

15-6 

319 

24 

24 

22 

23 

•  50 

320 

26 

29 

35 

30 

15-3 

322 

30 

35 

29 

31 

11-6 

331 

37 

41 

48 

42 

13-3 

337 

32 

38 

27 

32 

171 

338 

23 

40 

50 

38 

36-3 

413 

30 

29 

32 

30 

51 

462 

33 

28 

32 

31 

8-5 

465 

15 

19 

21 

18 

16-7 

484 

34 

38 

32 

35 

8-8 

489 

21 

24 

25 

23 

90 

511 

24 

36 

37 

32 

12-2 

527 

13 

15 

10 

13 

200 

534 

21 

15 

16 

17 

18-6 

544 

33 

29 

20 

27 

24-4 

546 

20 

23 

18 

20 

12  ■  4 

547 

26 

23 

20 

23 

130 

556 

17 

20 

21 

19 

10-8 

572 

34 

25 

35 

31 

17-6 

Mean 

29-2 

29-7 

30-2 

*  Values  corrected  for  stage  of  lactation  (see  p.  45) 


With  and  Friderichsen  (1939)  measured  the  vitamin  A  content  of  the  milk 
of  the  same  women  on  successive  days  and  found  variations  of  ±25  per  cen  . 
or  more,  which,  they  stated,  were  not  related  to  the  fat  content  Table  XXI 
shows  the  vitamin  A  content  of  the  milk  fat  of  samples,  collected  during three 
successive  weeks,  from  36  women.  The  coefficient  of  varia  ion  is  gr 
20  per  cent,  in  only  three  instances,  whereas  the  coefficient  of  variation  of 
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1,032  samples  from  different  women  at  Reading  was  30-7  per  cent,  and  that 
for  358  Shoreditch  samples  was  38-2  per  cent.  (cf.  Tables  XXXVI  and 
XXXVIII,  pp.  60  and  66).  It  would  appear  therefore  that  considerably  greater 
variations' are  likely  to  be  encountered  between  the  milk  of  different  women  than 
in  the  milk  of  the  same  women  at  different  times.  The  same  is  true  for 
carotenoids  (Table  XXII  and  Tables  XXXVII  and  XXXIX,  pp.  61  and  68). 


TABLE  XXII 

The  Carotenoid  Content  of  the  Milk  of  Individual  Women  Measured  during 
3  Successive  Weeks  at  Various  Stages  of  Lactation 


• 

Mother's 

number 

Carotenoids  ([ig.  per  g.  fat ) 

ljf  week  2nd  week  3rd  week 

Mean 

Coefficient 
of  variation 

226 

3-1 

2-8 

3-5 

31 

11-2 

228 

50 

31 

4-2 

41 

23-2 

233 

4-2 

30 

2-9 

3-4 

21-4 

236 

5-5 

41 

4-9 

4-8 

14-4 

237 

4-9 

4-4 

4-6 

4-6 

5-4 

252 

3-9 

40 

40 

40 

1*5 

262 

2-8 

3-4 

3-3 

3-2 

101 

266  * 

4-8 

40 

40 

4-3 

10-8 

267 

5-3 

51 

5-3 

5-2 

2-3 

269 

2-8 

31 

2-9 

2-9 

51 

271 

7-2 

5-3 

4-3 

5-6 

26-3 

291 

2-8 

2-9 

3-7 

31 

15-7 

292 

4-2 

3-9 

3-4 

3-8 

10-4 

293 

2-4 

3-9 

3-8 

3-4 

250 

295 

2-2 

2-1 

1-9 

21 

7-3 

297 

5-7 

6- 1 

4-9 

5-6 

110 

299 

2-8 

2-9 

31 

2-9 

5- 1 

319 

320 

322 

2-9 

30 

1-8 

2-6 

30 

2-1 

2- 4 

3- 6 

2-7 

2-6 

3-2 

2-2 

10-6 

10-9 

20-9 

331 

337 

338 

413 

462 

2- 5 

3- 3 

4- 5 

4-6 

3-2 

3-7 

3-4 

5-6 

40 

31 

3-2 

30 

6-3 

3-5 

3-2 

31 

3-2 

5-5 

40 

3-2 

19*2 

6-5 

16*7 

13*6 

1-9 

465 

484 

3-6 

2-8 

3- 9 

4-  S 

2-4 

3*3 

23-9 

489 

511 

527 

1- 5 

2- 6 

2-3 

2-6 

3-7 

2-3 

2- 1 

1-3 

1-3 

1*9 

3*1 

1-8 

2-5 

2-2 

39-3 

38-9 

47-4 

10-6 

534 

544 

546 

547 

1-6 

2-7 

2-7 

4-8 

1- 4 

2- 6 

3- 3 

4- 4 

1-8 

2-9 

2-5 

1-6 

2-7 

2-8 

51 

51 

14*8 

556 

3-3 

3-7 

3-7 

3-7 

4-3 

3-6 

130 

6-5 

572 

4-2 

2-9 

4-5 

3-9 

220 

Mean 

3-5 

3-5 

3-4 

42 
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THE  VITAMIN  A  AND  CAROTENOID  CONTENT  OF  MILK 
THROUGHOUT  LACTATION 

Palmer  and  Eckles  (1914)  showed  that  the  deep  yellow  colour  characteristic 
of  colostrum  and  early  milk  in  both  cows  and  women  is  due  to  the  presence 
of  carotenoid  pigments.  Milk  obtained  later  in  lactation  is  much  less  coloured 
because  it  is  less  rich  in  carotenoids.  Drummond,  Coward  and  Watson  (1921) 
showed  that  cow’s  colostrum  was  a  richer  source  of  vitamin  A  than  cow’s  milk, 
and  later,  when  chemical  methods  of  estimation  became  available,  various 
workers  found  that  the  same  was  true  of  human  colostrum  and  milk 
(van  Eekelen  and  de  Haas  1934  ;  Repetti,  1934  ;  Neuweiler,  1935  ; 


TABLE  XXIII 

The  Vitamin  A  Content  of  Milk  Fat  in  the  First  17  Days  of  Lactation 

{All  values  as  I.U.  per  g.  fat ) 


Day  of 
lactation 

Paddington  Hospital 
(6th  January  to  1th  July,  1943) 

Number  of 
samples 

Mean 

value 

Standard 

deviation 

3 

13 

159 

49-3 

4 

26 

122 

40-0 

5 

27 

114 

37-5 

6 

35 

96 

32-4 

7 

32 

90 

35-6 

8 

26 

74 

22-6 

9 

35 

75 

21-9 

10 

16 

70 

19-8 

11-17 

36 

58 

23-9 

London  Hospital 

(\lth  December,  1943  to  26th  March, 
1945) 


Number  of  Mean  Standard 

samples  value  deviation 


7 
3 

10 

6 

8 
8 
3 
7 

10 


119 

53-5 

105 

36-4 

93 

43-5 

78 

23-1 

85 

35-1 

73 

22-0 

52 

8-5 

80 

19-4 

55 

12-4 

TABLE  XXIV 

The  Carotenoid  Content  of  Milk  Fat  in  the  First  17  Days  of  Lactation 

{All  values  as  pg.  per  g.  fat ) _ 


Day  of 
lactation 


3 

4 

5 

6 

7 

8 

9 

10 

11-17 


Paddington  Hospital 
(6th  January  to  1th  July,  1943) 


London  Hospital 
(11  th  December,  1943  to  26th  March, 
y  1945) 


Number 

of 

samples 


12 

20 

26 

34 

31 

26 

36 

14 

36 


Mean 

value 


Standard 

deviation 


Number 

of 

samples 


Mean 

value 


Standard 

deviation 


•3 

•5 

•6 


26 
21 
17 
14-8 
11-8 
10 
8 
7 
6 


40 
86 

41 
39 
01 
19 

■13 

■86 

•24 


7 

3 

11 

6 

7 

7 

3 

7 

10 


33- 

20- 

16- 

12' 

10 


12-8 


21  • 

4 
7 
6 

5 
13 

2 

3 

2 


54 

37 

48 

41 

05 

53 

03 

67 

■81 
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Meulemans  and  de  Haas,  1936;  Svensson,  1936;  and  others).  Dann  (1936) 
observed  during  the  change  from  colostrum  to  milk  a  more  rapid  decrease 
in  the  content  of  carotenoids  than  in  that  of  vitamin  A. 

Early  Lactation 

Although  we  were  primarily  interested  in  full  lactation  milk,  we  examined 
two  series  of  samples  obtained  in  early  lactation.  The  first  consisted  of  246 
samples  from  patients  in  Paddington  Hospital  (1943)  and  the  second  of  62 
samples  from  the  London  Hospital  (1944-45).  The  concentration  of  vitamin  A 
and  carotenoids  in  the  milk  fat  of  these  samples,  given  in  Tables  XXIII  and  XXIV, 
shows  the  rapid  decrease  characteristic  of  early  lactation.  This  change  would 
be  expected  to  be  more  marked  for  the  concentration  of  these  substances  in  fat 
than  in  milk  because  of  the  increase  in  fat  content  which  occurs  at  the  same  time 
(Widdows  and  Lowenfeld,  1933  ;  Golz,  1940).  We  cannot  verify  this  statement 
as  our  samples  of  early  lactation  milk  were  not  free  from  sampling  errors  (see 
p.  18),  which  might  affect  this  point  particularly.  Our  results  (Tables  XXIII  and 
XXIV)  and  those  of  Lesher  et  al.  (1945)  support  the  findings  of  Dann  (1936) 
that  the  carotenoids  decrease  more  rapidly  than  the  vitamin  A.  This  / 
phenomenon  may  be  associated  with  the  increasing  fat  content  which  would 
be  expected  to  involve  an  increase  in  the  average  size  of  the  fat  globules  and  / 
hence  a  lowered  proportion  of  fat  globule  membrane  per  unit  weight  of  fat 
(p.  38). 


TABLE  XXV 

The  Carotenoid  Content  of  Milk  Fat,  according  to  the  Stage  of  Lactation  after 

the  First  17  Days 

{Milk  from  Reading  and  Shoreditch — April,  1942  to  March,  1945) 


Week  of 
lactation 


3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 


Reading 

1942  1943  1944 

-43  -44  -45 


Number 


1  1  — 

5  5  5 

5  11  15 

12  29  28 

16  27  34 

23  25  35 

22  32  28 

32  25  30 

30  12  27 

24  14  25 

39  14  15 

16  12  18 

15  13  13 

19  11  11 

14  7  10 

15  8  7 

13  7  5 

645 
5  3  4 

4  3  4 


Shoreditch 
1942  1943  1944 
-43  -44  -45 


of  samples 


Total 


number 


of 

samples 


Mean 
value 
{[J-g-  per 
g ■  fat ) 


15 

6 

30 

12 

3 

33 

17 

15 

39 

21 

10 

22 

21 

14 

13 

13 

9 

5  8  8 

6  5  6 

4  6  8 

4  3  9 

4  6  6 

4  10 

4  5  5 

5  2 


23 

60 

96 

139 

134 

118 

103 

104 
87 
79 
84 
67 
55 
48 
41 
41 
32 
23 

17 

18 


4-26 

3-94 

3-64 

3-83 

3-55 

3-52 

3-80 

3-57 

3-78 

3-69 

3-81 

3-76 

3-58 

3-38 

3-85 

3-66 

3-90 

3-61 

3-62 

3-68 


Standard 

deviation 


1  -71 
1  53 
1  -35 
1  -69 
1  -  30 
1  32 
1  62 
110 
1  43 
1  -26 
1  43 
1  32 
1  43 
1  *35 
1-55 
1  -43 
1  -49 
1  44 
115 
1  - 12 
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Full  Lactation 

The  vitamin  A  and  carotenoid  content  of  milk  fat  obtained  between  the 
3rd  and  22nd  weeks  of  lactation  has  been  investigated  in  a  much  larger  number 
of  samples.  Table  XXV  gives  the  results  for  carotenoids  in  1,369  samples 
of  milk  obtained  from  Reading  and  Shoreditch  women  between  1942  and  1945 
(see  p.  34).  This  shows  that  the  carotenoid  content  of  the  milk  fat,  although 
still  slightly  elevated  in  the  3rd  week,  remains  almost  constant  from  the  4th 
until  the  22nd  week.  We  have  therefore  regarded  all  samples  taken  during  this 
latter  period  as  representing  full  lactation  milk  and,  in  comparing  the  carotenoid 
content  of  milk  fat  from  different  groups  of  women,  we  have  eliminated  all 
results  for  samples  obtained  during  the  3rd  week  or  earlier.  Most  of  the 
values  given  in  this  table  and  also  in  Table  XXVI  are  for  single  samples  from 
different  women  but  in  a  small  number  of  cases  values  for  two  or  three  samples 
taken  from  the  same  women  at  different  stages  of  lactation  have  been  included. 
Values  for  repeat  samples  are  not,  however,  quoted  in  Tables  XXXVI-XXXIX. 

Results  for  the  vitamin  A  content  of  1,443  samples  of  milk  obtained  from 
Reading  women  between  1941  and  1945  and  from  Shoreditch  women  between 
1942  and  1945  are  given  in  Table  XXVI.  It  is  clear  that  no  characteristic 
level  of  vitamin  A  content  can  be  quoted  for  full  lactation  milk  fat  but  that 
after  the  3rd  week  of  lactation  the  vitamin  A  content  continues  to  fall,  though 


TABLE  XXVI 

The  Vitamin  A  Content  of  Milk  Fat  according  to  Stage  of  Lactation  after  the 

First  17  Days 

{Milk  from  Reading  and  Shoreditch— June,  1941  to  March,  1945) 


Week 

of 

lactation * 


3 

4 

5 

6 

7 

8 

9 

10 
11 
12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 


1941 

-42 

Reading 
1942  1943 

-43  -44 

1944 

-45 

Shoreditch 

1942  1943  1944 
-43  -44  -45 

Number  of  so 

mples 

3 

1 

1 

13 

6 

2 

6 

5 

5 

30 

11 

3 

3 

5 

10 

15 

33 

17 

15 

3 

12 

29 

15 

37 

21 

9 

4 

16 

27 

31 

22 

21 

14 

5 

23 

24 

32 

13 

13 

9 

1 

22 

32 

27 

4 

8 

8 

5 

31 

24 

28 

6 

5 

6 

4 

29 

12 

25 

4 

6 

8 

8 

24 

14 

23 

4 

3 

9 

10 

39 

13 

15 

3 

6 

6 

9 

16 

11 

17 

8 

4 

10 

11 

15 

12 

12 

5 

5 

6 

9 

19 

10 

10 

— 

5 

2 

11 

14 

7 

10 

4 

4 

3 

4 

15 

8 

7 

4 

4 

3 

4 

13 

6 

5 

2 

4 

1 

4 

7 

4 

5 

3 

5 

1 

7 

5 

3 

4 

1 

2 

2 

6 

5 

3 

4 

2 

3 

2 

Total 

number 

of 

samples 


26 

60 

98 

126 

135 

119 

102 

105 

88 

85 

92 

75 

66 

55 

53 

45 

35 

29 

24 

25 


Mean 
value 
(/.(/. 
per  g. 
fat) 


46  04 
42-20 

40- 24 

41- 20 
38-95 
37-03 
36-39 
35-97 
35-15 
34-02 
32-25 
34-12 
34  03 

30- 27 
32-72 
30  02 

31- 51 
28-82 

32- 00 
3112 


Standard 

deviation 


11-61 

12-41 

10- 84 

11- 11 
11-83 

9- 60 
11-52 

9-77 

10- 36 

8- 14 

9- 40 

11- 02 
1117 

7- 94 

8- 16 
8- 12 
9-91 
9-45 


62 

90 
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very  much  more  slowly  than  during  the  first  fortnight.  Thus  the  mean  value 
for  the  3rd  week  (46-04  I.U.  per  g.  fat)  is  more  than  50  per  cent,  higher  than 
that  found  for  the  18th  week  (30-02  I.U.  per  g.  fat),  After  the  18th  week 
there  appears  to  be  a  slight  rise  in  the  vitamin  A  content  of  the  milk  fat.  These 
changes  cannot  be  ascribed  to  differences  in  fat  content  because,  as  shown  in 
Table  V,  p.  21,  this  remains  almost  constant  between  the  3rd  and  24th  week  of 
lactation.  As  far  as  we  are  aware  the  decrease  in  vitamin  A  content  after  the 
4th  week  of  lactation  has  not  yet  been  reported  by  other  investigators,  probably 
because  of  the  large  variations,  unrelated  to  the  stage  of  lactation,  that  are 
normally  found  in  the  vitamin  A  content  of  human  milk. 


F.o.  I .  Changes  in  the  vitamin  A  content  of  milk  fat  with  progressing  lactation.  Best  fitting 

curve  for  means  given  in  Table  XXVI  8 


The  continual  change  in  the  vitamin  A  content  of  milk  fat  during  lactation 

unless  samples 'from  °the  ^  reSU'tS  ^  8r°UpS  °f  WOmen  ^Possible 

unless  samples  from  these  groups  are  obtained  at  exactly  the  same  Deriod  of 

Sir!-  i « JSS.-5 

Y-  31 -5756  -  0  3I320X  +  0  04S.  h  ,  eqUati0n  of  this  c«ve, 
of  lactation  has  been  taken ts  a  standi^  :  H  ,  ,  °"gm  at  17  weeks>  this  stage 

other  weeks.  l7“o  cor^t  for  ["‘“r8  C°rreCti°n  factOT  {° r 

^ ~  a- 

vitamin  A  content  of  milk  fat  from  °f  'he 
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THE  RELATION  BETWEEN  THE  VITAMIN  A  AND  CAROTENOID 
CONTENT  OF  MILK  AND  THE  MILK  YIELD 

The  criteria  used  in  assessing  milk  yield  have  been  discussed  in  the  general 
introduction  (p.  17).  In  Table  XXVII  the  mean  vitamin  A  and  carotenoid 
content  of  milk  fat  from  women  who  were  giving  supplementary  feeds  or  were 
weaning  their  babies  (group  1)  is  given  together  with  results  obtained  for  milk 
fat  from  women  who  were  fully  breast  feeding  but  whose  babies  were  gaining 
less  than  4  oz.  (group  2)  or  more  than  9  oz.  weekly  (group  3).  The  vitamin  A 
content  of  the  milk  fat  was  high  in  groups  1  and  2,  who  had  a  milk  yield  that 
was  probably  low,  and  lower  in  group  3  with  a  presumably  high  milk  yield. 


TABLE  XXVII 

The  Influence  of  Milk  Yield  on  the  Vitamin  A  and  Carotenoid  Content 

of  Milk  Fat 


Type  of  sample 


Low  milk  yield  .  . 

(1)  Milk  from  mothers  giving 
supplementary  feeds  or 
weaning  their  babies 

(2)  Milk  from  mothers  of  fully 
breast-fed  babies  gaining 
less  than  4  oz.  weekly 


Ugh  milk  yield 

(3)  Milk  from  mothers  of  fully 
breast-fed  babies  gaining 
more  than  9  oz.  weekly  . 


Vitamin  A 

Carotenoids 

Number 

of 

samples 

Mean 
value 
(/.  U.  per 
g-  fat ) 

Standard 

deviation 

Number 

of 

samples 

Mean 
value 
(|xg.  per 
g •  fat) 

Standard 

deviation 

71 

40-4 

13-8 

62 

4-61 

1-43 

63 

36-8 

10-8 

60 

4-16 

1-74 

56 

30-6 

9-2 

53 

3-72 

1-62 

The  mean  values  of  40-4  and  36-8  I.U  per  g.  fat  obtained  fo^oup^l  and2 

are  significantly  higher  than  the  general ^ ectively  (see  Table  XXXVI 
found  for  all  Reading  and  Shoreditch  samples  respeetivmse  ^  ^  djffer 

and  Table  XXXVIII).  The  resu  s  °L,  carotenoid  content  of  milk  fat  is 
significantly  from  the  general  aver  g  •  as  the  vitamin  A  content, 

influenced  by  dimin^hed  ™lk  £  £  is  unafTected  by  differences  in  the 

As  shown  in  Table  VI,  p.  ^i,  me  1  i  vitamin  A  and  carotenoids 

amount  of  milk  produced,  and  the  concentre  ^  f^  ^  a$  iQ  the  mUk  fat. 

in  milk  would  therefore  be  expected  c  y  rjroduced  by  the  women 

We  have  no  figures  for  the  ^ua  amount  rfmflk^produced 

in  groups  1  and  2  as  eompared  with  ^  a  wou]d  bge  sufflcient  to  maintain 
that  the  increased  concentration  diminished  milk  volume, 

the  total  daily  output  of  vitamin  A  in  tace  oi 


f 
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THE  INFLUENCE  OF  THE  MOTHER’S  AGE  AND  PARITY  ON  THE 
VITAMIN  A  AND  CAROTENOID  CONTENT  OF  MILK 

In  Table  XXVIII  values  obtained  for  the  vitamin  A  and  carotenoid  content  of 
milk  fat  from  Reading  and  Shoreditch  have  been  arranged  according  to  the  age 
of  the  mother.  All  values  are  included  except  those  obtained  at  Shoreditch 
in  1944-45  (cf.  p.  67)  and  the  values  for  carotenoids  obtained  in  both  places 
before  July,  1942  (cf.  pp.  34  and  62).  This  table  shows  that  the  concentration 
of  vitamin  A  in  milk  fat  increases  with  increasing  age,  and  a  similar  but  less 
significant  tendency  is  evident  for  total  carotenoids.  It  seems  unlikely  that 
these  results  can  be  due  to  increased  vitamin  A  reserves  in  the  livers  of  older 
women.  For  one  thing,  it  is  doubtful  whether  older  women  have  greater  stores 
of  vitamin  A  than  younger  women.  And  secondly,  it  is  doubtful  whether 


TABLE  XXVIII 

The  Influence  of  the  Mother  s  Age  on  the  Vitamin  A  and  Carotenoid  Content 

of  Milk  Fat 


Vitamin  A* 

Carotenoids f 

Age 

group 

Number  of 
mothers 

Mean  value 
( I.U .  per 
g-  fat ) 

Standard 

deviation 

Mean  value 
Number  of  (p.g.  per 
mothers  g.  fat) 

Standard 

deviation 

Under  20 

25 

25-8 

8-8 

21 

3  00 

1  -01 

20-24 

345 

30-4 

9-6 

298 

3-33 

107 

1-29 

I  -  52 

1-26 

1-28 

25-29 

418 

32-2 

10*3 

322 

3-62 

30-34 

297 

33-1 

10-4 

228 

3-80 

35-39 

149 

34-5 

10-2 

128 

3-79 

over  40 

45 

35-9 

12-3 

40 

3-53 

*  £ata  lor  Reading,  1941-45,  for  Shoreditch,  1942-443  -  ,  . 
t  Data  for  Reading,  1942-45,  for  Shoreditch,  1942-44 /cf-  this 

page. 

TABLE  XXIX 


The  Influence  of  Parity  on  the  Vitamin  A  and  Carotenoid  Content  of  Milk  Fat 

{ Number  of  samples  in  brackets) 


Content 

of 

Age 

Parity 

group 

1 

2 

3 

4 

5  and  over 

Vitamin  A* 
(I.U.  per 
g-  fat) 

20-24 

25-29 

30-34 

35-39 

30  -3  (268) 
3M  (255) 
33-4  (98) 
32-8  (28) 

29-9  (63) 
34-2  (103) 
31-5  (98) 
34-4  (44) 

36-7  (14) 
33-4  (44) 
35-8  (64) 

34  -2  (34) 

37-8 (10) 
31-0(24) 

35  I  (18) 

27-8  (6) 
34-7  (13) 
36-5  (25) 

Carotenoids+ 
(ftg-  per 
g-  fat) 

20-24 

25-29 

30-34 

35-39 

3-33  (234) 

3-61  (192) 
3-81  (73) 
3-73  (23) 

3-34  (53) 
3-66  (85) 
3-74  (76) 

4  01  (37) 

3  33  (11) 
3-51  (34) 
3-96  (52) 
3-81  (33) 

4  07  (6) 

3  -  71  (17) 
3-59(17) 

4-40  (5) 
3  -50  (10) 
3-56 (18) 

f°;  52*5  £  I*Ui;  &  a*  Page. 


48 


HUMAN  MILK 


increased  stores  in  the  liver  do,  in  fact,  increase  the  vitamin  A  content  of  the 
milk  ;  at  any  rate  women  who  received  supplements  of  vitamin  A  during 
pregnancy,  which  might  have  been  expected  to  increase  their  reserves,  secreted 
milk  fat  with  no  more  vitamin  A  than  that  of  women  who  had  received  no 
supplement. 

Since  women  who  have  borne  two  or  more  children  are  on  the  average  older 
than  those  who  have  had  only  one  child,  it  has  been  necessary  to  analyse  our 
results  separately  for  each  age  group  in  order  to  eliminate  the  influence  of 
age  from  our  study  of  the  influence  of  parity  on  the  vitamin  A  and  carotenoid 
content  of  milk  fat.  No  consistent  variation  with  differences  in  parity  was 
found  (Table  XXIX). 


THE  EFFECT  OF  THE  ADMINISTRATION  OF  VITAMIN  A  AND 
CAROTENE  ON  THE  CONTENT  OF  THESE  SUBSTANCES  IN  MILK 

Although  it  is  generally  believed  that  the  vitamin  A  content  of  milk  is  related 
to  the  diet  of  the  mother  (p.  32),  only  a  few  investigators  have  studied  the  effect 
of  administering  vitamin  A  over  and  above  the  amount  normally  taken  in  the 
food.  McCosh,  Macy,  Hunscher,  Erickson  and  Donelson  (1934),  using  a 
biological  method  of  assay,  found  no  increase  in  the  vitamin  A  content  of  the 
milk  of  three  women,  who  were  already  eating  a  diet  well  supplied  with 
vitamin  A,  when  they  were  given  15  g.  of  cod  liver  oil  daily.  Neuweiler  (1935) 
was  able  to  increase  the  vitamin  A  content  of  the  milk  of  one  woman  by  giving 
her  a  daily  dose,  said  to  contain  80,000  “  units  ”  vitamin  A,  of  20  “  Vogan  ” 
tablets.  The  daily  administration  of  0-1  g.  carotene  in  oil  caused  a  smaller 
increase,  the  significance  of  which  may  be  questioned  in  view  of  the  sampling 
errors  of  Neuweiler’s  tests.  With  and  Friderichsen  (1939)  found  that  the 
vitamin  A  content  of  milk  could  be  increased  by  giving  large  doses  of  vitamin  A 
but  that  carotene  had  no  effect.  Recently  Hrubetz,  Deuel  and  Hanley  (1945) 
studied  the  influence  of  massive  doses  of  vitamin  A,  ranging  from  50,000  to 
200,000  I.U.  daily,  on  the  vitamin  A  and  “  carotene  ”  (presumably  carotenoid) 
content  of  milk.  They  found  that  the  vitamin  A  content  was  increased  but 
that  the  carotenoids  were  not  affected.  Although  the  vitamin  A  content  of  milk 
was  almost  doubled  with  these  big  doses,  the  statistical  significance  of  the 
difference  was  not  great  because  of  the  small  number  of  samples  and  the  large 
individual  variations.  This  applied  particularly  to  the  milk  of  women  who 
received  the  smallest  supplement  of  50,000  I.U.  daily.  Because  of  the  low 
statistical  significance  of  the  results  for  this  group  the  authors  believe  that 
the  level  of  vitamin  A  in  milk  cannot  be  appreciably  influenced  by  doses  of 
vitamin  A  smaller  than  50,000  I.U.  daily. 


Effect  of  Administering  Vitamin  A  or  Carotene  during  Lactation 

Although  we  were  primarily  interested  in  more  physiological  levels  of 
vitamin  A  intake,  we  were  able  to  study  in  a  few  women  the  relative  influence 
of  large  doses  of  carotene  or  vitamin  A.  To  be  adequately  controlled,  studies 
of  this  kind  should  be  continued  for  more  than  two  months,  and  it  was  very 
difficult  to  find  women  willing  to  participate  in  such  a  lengthy  ' 

Only  three  such  women  were  found,  and  in  two  of  them  the  mi  ' 

diminished  so  markedly  that  the  experiment  had  to  be aban?0",' mffieffiird 
definite  conclusions  could  be  reached.  We  are  extremely  grateful  to  the  third, 
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Mrs  Shoenberg,  for  so  carefully  following  our  instructions  and  for  supplying 
samples  of  blood  plasma  as  well  as  milk.  The  results 

so  clear-cut  that  it  seems  worth  while  to  give  them  in  detail  (Table  XXX). 
The  experiment  began  with  a  control  period  of  three  weeks  durmg  whi 
6  samples  of  milk  and  2  samples  of  plasma  were  examined  The  diet  was 
normal  except  that  liver  was  eaten  before  the  second  milk  sample  was  taken  and 
this  in  consequence  had  a  very  high  vitamin  A  content.  During  the  following  two 
weeks  Mrs.  Shoenberg  took  daily  6  capsules  of  0-carotene  supplying  15  mg.  or 
25,000  I.U.  In  this  period  the  total  carotenoid  content  of  the  blood  plasma 
rose  markedly  and  the  percentage  of  0-carotene  therein  also  increased.  The 
vitamin  A  content  of  the  milk  fat  was  unaffected  by  this  treatment  and  the 
content  of  total  carotenoids  and  the  proportion  of  0-carotene  changed  very 
little.  A  second  control  period  of  two  weeks  followed,  during  which  the 
vitamin  A  content  of  the  plasma,  which  had  previously  been  high,  fell  markedly. 


TABLE  XXX 

The  Influence  of  the  Administration  of  Vitamin  A  or  Carotene  on  the  Vitamin  A 
and  Carotenoid  Content  of  the  Milk  Fat  and  Blood  Plasma  of  One  Woman 


Milk 

Blood  plasma 

Vitamin  A 

Carotenoids 

Vitamin  A 

Carotenoids 

Sample 

(/.  U.  per 

(Hg.  per 

Percentage 

(/.  U.  per 

(fig.  per 

Percentage 

number 

g-fat*) 

g •  fat) 

(i-carotene f 

100  ml.) 

100  ml.) 

1 1-carotene | 

First  control  period 

1 

20 

41 

22 

2 

64 1 

3-7 

3 

24  • 

3-8 

24 

151 

108 

45 

4 

39 

3-2 

26 

5 

34 

4-7 

27 

6 

35 

4-3 

28 

149 

94 

38 

Carotene  25,000  I.U.  daily 

begun 

7 

31 

4-6 

30 

8 

28 

4-5 

30 

160 

154 

58 

9 

29 

5-6 

30 

10 

25 

4-4 

32 

185 

232 

Second  control  period 

11 

27 

4-5 

35 

12 

24 

3-6 

29 

141 

118 

55 

13 

25 

4- 1 

28 

14 

22 

41 

28 

94 

115 

56 

Vitamin  A  25,000  I.U.  daily 

begun 

15 

37 

4-6 

28 

16 

47 

4-6 

27 

17 

48 

— 

24 

162 

95 

53 

Third  control  period 

18 

17 

31 

19 

23 

4-6 

25 

20 

19 

2-9 

21 

16 

2-7 

— 

130 

85 

46 

Date 

1944 


9.10 

14.10 

17.10 

21.10 

25.10 

2.11 

3.11 

5.11 

9.11 

12.11 

16.11 

16.11 

19.11 

24.11 

27.11 

29.11 

1.12 
3.12 

10.12 

15.12 

15.12 

18.12 

19.12 

27.12 
6.1.45 


.  — “y"  nmuc  IU1  Mage 

+  Of  total  extinction  at  451  mja. 
♦  Liver  eaten  on  previous  day. 

(87978) 
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The  reason  for  this  is  not  known.  The  total  carotenoid  content  also  fell  but  the 
proportion  of  ^-carotene  remained  high.  The  vitamin  A  content  of  the  milk  fat 
fell  slightly,  as  would  be  expected  with  the  progress  of  lactation.  Vitamin  A, 
25,000  I.U.  daily,  was  then  given  for  two  weeks,  causing  a  rise  in  the  vitamin  A 
content  of  the  milk  fat  to  double  the  value  of  the  previous  period. 
Unfortunately  only  one  sample  of  blood  plasma  was  taken  during  this  period 
of  dosing.  This  showed  a  higher  vitamin  A  content  than  in  the  second  control 
period  but  not  more  than  that  found  during  the  period  in  which  carotene  was 
being  taken.  In  the  final  control  period  the  vitamin  A  content  of  the  milk 
returned,  as  would  be  expected  from  the  lactational  trend,  at  once  to  a  level 
even  lower  than  the  previous  low  level.  Low  values  were  found  for  the 
carotenoid  content  of  the  milk  fat  also,  but  the  time  of  year  being  mid-winter 
these  may  have  been  a  reflection  of  a  seasonal  trend,  such  as  was  observed  with 
many  women  in  the  main  investigation  (p.  62).  The  finding  of  With  and 
Friderichsen  (1939)  that  the  vitamin  A  content  of  human  milk  is  uninfluenced 
by  large  doses  of  carotene  is  supported  by  this  experiment,  although  it  is 
possible  that  a  different  result  might  have  been  obtained  if  Mrs.  Shoenberg’s 
usual  diet  had  been  deficient  in  carotene.  The  experiment  also  shows  that  the 
vitamin  A  content  of  milk  fat  can  be  markedly  increased  by  the  administration 
of  25,000  I.U.  vitamin  A  daily  and  suggests  that  the  view  of  Hrubetz  et  al.  (1945) 
that  there  is  a  threshold  intake  of  50,000  I.U.  daily,  below  which  the  vitamin  A 
content  of  the  milk  remains  unaffected,  requires  revision.  In  our  opinion  the 
vitamin  A  content  of  milk  may  be  influenced  by  much  smaller  doses,  but  these 
will  naturally  cause  smaller  increases  more  likely  to  be  obscured  by  individual 
variations  and  other  causes.  Carefully  controlled  experiments  with  individual 
women  should  provide  a  definite  answer  to  this  question. 

We  have  already  drawn  attention  to  the  marked  effect  of  the  consumption 
of  liver  during  the  control  period  of  the  experiment  just  described.  Throughout 
our  investigation  of  milk  from  Reading  and  Shoreditch  women,  we  obtained 
details  of  the  food  consumed  on  the  day  before  the  sample  was  taken,  and  we 
have  thus  been  able  to  separate  the  results  for  those  women  who  had  eaten  liver. 
During  the  period  1941-45  liver  was  unrationed  but  could  seldom  be  obtained, 
and  of  nearly  1,400  women  whose  milk  was  examined  for  vitamin  A  only  22 
reported  that  they  had  eaten  it.  The  mean  vitamin  A  content  of  the  milk  of  these 
women,  corrected  for  stage  of  lactation,  was  51  -6  I.U.  per  g.  fat  with  a  standard 
deviation  of  23-8,  a  figure  very  much  higher  than  the  mean  values  of  31  -9 
and  32-5  I.U.  per  g.  fat  obtained  for  the  milk  of  the  women  who  had  not  had 
liver.  The  great  variability,  as  shown  by  the  high  standard  deviation,  in 
vitamin  A  content  of  samples  from  those  who  had  eaten  liver  is  not  surprising, 
since  a  portion  of  liver  is  likely  to  contain  from  10,000  to  150,000  I.U. 
vitamin  A  (Fixsen  and  Roscoe,  1937-38  ;  1939-40  ;  Moore  and  Payne,  1942). 
In  most  cases  the  liver  was  eaten  at  the  midday  meal,  20  to  22  hours  before 
the  sample  was  taken,  so  that  it  is  clear  that  the  increased  vitamin  A  content 
persisted  for  a  time.  (See  also  pp.  64  and  65  about  effect  of  vitamin 
preparations.) 

Effect  of  Administering  Vitamin  A  before,  or  immediately  after.  Parturition 
Hrubetz  et  al.  (1945)  were  able  to  increase  the  vitamin  A  content  of  milk  in 
the  first  0  days  of  lactation  by  giving  daily  doses  of  50,000  I.U.  and  upwards 
vitamin  A.  We  have  studied  the  effect  of  a  smaller  dose  of  vitamin  A, 
24,000  I.U.  daily,  given  during  the  first  9  days  of  lactation,  and  compared 
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with  results  obtained  when  a  single  dose  ten  times  as  large  was  given  immediately 
before  parturition.  Work  with  rats  (Henry,  Kon,  Mawson,  Stamer  and 
Thompson,  1949)  had  suggested  that  the  vitamin  A  content  of  milk  was  less 
influenced  when  the  stores  of  the  mother  were  raised  by  doses  of  vitamin  A 
before  parturition  than  when  vitamin  A  was  given  during  lactation,  and 
we  wished  to  determine  whether  the  same  was  true  of  human  lactation.  As 
Moore  (1949)  had  found  that  the  average  liver  reserve  of  civilian  adults  in  this 
country  between  1941  and  1944  was  approximately  500,000  I.U.,  we  hoped  by 
administering  240,000  I.U.  of  vitamin  A  to  cause  a  substantial  increase  in  the 
liver  reserves  of  women  before  their  babies  were  born.  The  30  women  who  took 
part  in  this  experiment  were  patients  in  the  maternity  wards  of  Hammersmith 
L.C.C.  Hospital  and  were  receiving  the  ordinary  hospital  diet.  The  10  women 
who  formed  the  control  group  were  given  no  treatment.  A  second  group  of  10 
received  240,000  I.U.  vitamin  A  (as  10  “  Prepalin  ”  capsules)  just  before 
parturition  and  a  third  group  received  24,000  I.U.  vitamin  A  daily  (one 
“  Prepalin  ”  capsule)  for  9  days  beginning  immediately  after  parturition. 
Samples  of  milk  were  obtained  on  the  4th,  7th  and  9th  days  of  lactation  and 
blood  samples  on  the  9th  day  only.  The  blood  samples  were  taken  approxi¬ 
mately  18  hours  after  administering  vitamin  A  to  the  women  of  group  3. 
The  vitamin  A  and  carotenoid  contents  of  the  milk  fat  and  blood  plasma  are 
given  in  Table  XXXI.  The  results  for  vitamin  A  in  the  control  group  are  very 
much  the  same  as  those  found  for  Paddington  Hospital  mothers  in  1943  (see 
Table  XXIII,  p.  42).  On  the  4th  day  of  lactation  the  vitamin  A  content  of  the 
milk  fat  from  women  in  groups  2  and  3  was  much  higher  than  that  of  the 
controls.  Unfortunately,  it  was  not  possible  to  get  milk  samples  from  all  the 
mothers  in  group  2  on  this  day.  On  the  7th  day  all  results,  following  the  usual 
trend,  were  lower  than  on  the  4th  day,  but  results  for  both  the  2nd  and  3rd 
groups  were  very  much  higher  than  those  for  the  controls,  and  those  for  the 
3rd  group  were  slightly  higher  than  for  the  2nd.  On  the  9th  day  the  difference 
between  the  2nd  and  3rd  groups  was  greater  but  the  results  for  the  2nd  group 
were  still  significantly  higher  than  for  the  controls,  despite  the  fact  that  the 
vitamin  A  content  of  the  blood  plasma  of  women  in  group  2  was  the  same  as 
that  of  the  controls.  There  were  no  significant  differences  in  the  carotenoid 
content  of  milk  fat  or  of  blood,  but  it  should  be  noted  that  values  for  milk 
carotenoids  were  definitely  higher  than  those  observed  in  1943  at  Paddington 
Hospital  for  similar  stages  of  lactation  (Table  XXIV,  p.  42).  It  is  possible 
that  this  was  due  to  seasonal  changes  (cf.  p.  62).  F 

It  win  be  shown  later  that  the  gradual  building  up  of  vitamin  A  reserves  by 
the  consumption  during  pregnancy  of  cod  liver  oil  or  other  preparations 
containing  vitamin  A  does  not  affect  the  vitamin  A  content  of  fulMactation 
milk  fat,  a  finding  which  does  not  necessarily  conflict  with  the  results  of  thn 

~  jUS‘  dTribed'  SinCe  d  is  P°ssible  vitamin  A  givenTmmedia.elv 

ammmK  ,  h3S  3  greateC  influence  on  mil|t  than  vitamin  A  given  in  smalj 

amounts  over  a  long  period  and/or  that  the  effect  of  a  sinsle  t. 
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THE  CONSTITUENTS  OF  MILK 

THE  RELATIVE  PROPORTIONS  OF  THE  VARIOUS  CAROTENOID 
PIGMENTS  IN  MILK  AND  BLOOD  SERUM 

The  Nature  of  the  Carotenoid  Pigments  in  Milk 

Earlier  efforts  to  fractionate  the  yellow  fat-soluble  pigments  of  human  milk 
were  made  by  the  method  of  phase  separation.  Thus,  Palmer  and  Eckles  (1914) 
found  almost  equal  proportions  of  carotene  and  xanthophylls  in  the  two 
samples  which  they  examined.  Van  Eekelen  and  de  Haas  (1934)  found  that 
xanthophyll  occurred  only  in  traces  in  one  sample  and  formed  about  one-seventh 
of  the  total  carotenoids  in  another  ;  they  assumed  that  the  bulk  of  the  pigment 
was  /9-carotene.  Dann  (1936)  found  that  the  proportion  of  /9-carotene  varied 
from  75  to  90  per  cent,  of  the  total  pigment.  However,  more  recent  investiga¬ 
tions,  in  which  methods  of  chromatographic  absorption  were  used,  have 
suggested  that  the  proportion  of  /9-carotene  is  considerably  less  than  this. 
With  and  Friderichsen  (1939)  found  that  only  one-third  to  one-quarter  of  the 
total  carotenoid  of  human  milk  was  represented  by /9-carotene  and  Truka  (1939, 
1940)  reported  an  even  lower  value. 

In  collaboration  with  Dr.  S.  Y.  Thompson  we  found  that  /9-carotene 
contributed  from  20  to  25  per  cent.,  or  even  less,  of  the  total  absorption  of 
milk  carotenoids  at  451  m/<.  (Thompson,  Kon  and  Mawson,  1942).  At  the  same 
time  we  demonstrated  the  presence  of  lycopene,  which  had  not  been  observed 
previously  in  human  milk.  Since  then  this  work  has  been  extended  with  the 
aid  of  the  micro-chromatographic  technique  described  on  p.  35.  The 
carotenoids  of  human  milk  were  separated  into  four  fractions,  a-  and  /9-carotene, 
lycopene,  xanthophylls  (lutein)  and  an  unidentified  pigment,  which  will  be 
referred  to  as  the  unknown  pigment.  We  found  the  same  four  zones  in 
chromatograms  of  the  carotenoids  of  human  blood  serum.  The  unknown 
pigment  was  adsorbed  on  alumina  more  strongly  than  lycopene  and 
a-  and  /9-carotene  but  less  strongly  than  lutein.  It  was  closely  associated 
on  the  column  with  vitamin  A  alcohol  as  could  be  shown  by  observation  of 
the  typical  vitamin  A  fluorescence  in  ultra-violet  light.  We  believe  it  to  be 
identical  with  the  zone  observed  by  Willstaedt  and  With  (1938)  in  chromato- 
grams  of  pigment  from  human  serum  and  described  by  them  as  “  oxidation 
products  ’,  but  it  has  not  previously  been  observed  in  human  milk.  Unsuccessful 
attempts  were  made  to  fractionate  it  and  klso  to  separate  it  from  vitamin  A  and 
to  determine  its  blue  value  ”.  Absorption  curves  of  the  unidentified  zone  were 
obtained  showing  two  absorption  maxima  at  450  and  476  m^.  We  are  very 
grateful  to  Dr.  S.  Y.  Thompson  for  his  collaboration  in  this  phase  of  our  worlZ 

TABLE  XXXII 

The  Proportions  of  Carotenoid  Pigments  in  the  Milk  of  IS  Women  from  London 

Reading  and  Oxford 


Fraction 

Mean  value  Standard  deviation 

-  .7 

Range 

a-  and  /9-Carotene 
Lycopene 

Unknown 

Lutein 

23  7.5 

9  3-8 

21  5-6 

47  10-7 

9-43 

2-19 

12-14 

11-71 
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The  Proportions  of  Carotenoid  Pigments  in  Milk 

The  carotenoids  of  75  samples  of  milk  from  75  different  women  were 
separated  into  the  four  fractions  just  mentioned  and  the  proportion  of  the 
extinction  at  451  m/L  contributed  by  each  of  these  fractions  was  determined. 
These  results  are  summarized  in  Table  XXXII.  Actual  quantities  of  pigment 
are  not  given  because  the  extinction  coefficient  at  451  m^.  of  all  the  zones  is 
not  accurately  known.  These  results  support  our  previous  finding  that 
/3-carotene  forms  only  a  small  proportion  of  the  carotenoids  of  milk.  Lutein 
was  the  pigment  present  in  the  largest  amount  and  there  was  relatively  little 
lycopene.  However,  variations  between  individuals  were  very  wide  and  it  is 
impossible  to  give  average  values  that  would  be  generally  applicable.  The 
estimation  of  total  carotenoids  can  therefore  serve  only  as  a  rough  guide  to  the 
amount  of  /5-carotene  present  in  milk.  The  carotenoid  content  of  milk  is  small, 
however,  and  it  is  unlikely  that  the  vitamin  A  activity  of  what  /3-carotene 
there  is  amounts  to  more  than  2  or  3  per  cent,  of  the  total  vitamin  A  activity 
calculated  on  the  basis  that  1-8  ng.  /3-carotene  is  equivalent  in  human 
nutrition  to  1  I.U.  vitamin  A  (cf.  Hume  and  Krebs,  1949).  In  the  present 
investigation  no  attempt  was  made  to  calculate  the  total  vitamin  A  activity 
of  milk,  and  the  figures  for  vitamin  A  and  carotenoids  are  everywhere  given 
separately. 


TABLE  XXXIII 

The  Proportions  of  Carotenoid  Pigments  in  the  Milk  of  One  Woman  during 

Two  Months 

{All  results  are  expressed  as  percentages  of  the  total  extinction  at  451  mu) 


Date 


4.11.43 

11.11.43 

15.11.43 

18.11.43 

22.11.43 

29.11.43 

2.12.43 

6.12.43 

9.12.43 

13.12.43 

16.12.43 

20.12.43 

23.12.43 

30.12.43 


Fraction 


a-  and  p-carotene 


24 

25 

27 

28 
28 
25 
28 
29 

29 

30 

29 

30 
28 
30 


Lycopene 


10 

9 
9 

10 

10 

9 
9 

10 
8 
6 
6 

7 

8 
8 


Unknown 


18 

16 

18 


15 

16 
17 
16 
17 
16 


— v~ 
66 
66 


66 

63 

61 


Lutein 


46 

46 

44 


48 

48 

48 

47 

47 

46 


Variation  in  the  Proportions  of  Carotenoids  in  the  Milk  of  One  Woman 

during  a  period  of  two  months. 
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The  Influence  of  Stage  of  Lactation  and  of  the  Season  of  the  Year  on  the 
Proportions  of  Carotenoids  in  Milk 

The  possibility  was  investigated  that  the  proportion  of  /9-carotene  in  milk 
carotenoids  might  be  altered  during  the  early  stages  of  lactation  when  the  total 
carotenoid  content  changes  so  markedly.  The  results  in  Table  XXXIV  show 
that  the  proportion  of  /3-carotene  remains  relatively  constant  throughout 
lactation.  During  the  first  few  days  the  mean  values  are  somewhat  higher  than 
they  are  later  but  the  variation  within  groups  is  so  great  that  the  difference  is 
not  significant.  Table  XXXIV  includes,  in  addition  to  the  material  from 
Table  XXXII,  results  for  other  samples  in  which  /3-carotene  was  the  only 
fraction  measured.  These  latter  values  have  been  classified  also  according  to 
the  time  of  the  year  at  which  the  samples  of  milk  were  obtained  (Table  XXXV) 
but  no  seasonal  variation  is  apparent.  It  seems  likely,  therefore,  that  the 
seasonal  variation  observed  in  the  total  carotenoid  content  of  human  milk 
(p.  62)  affects  the  /3-carotene  equally  with  the  other  carotenoids. 


TABLE  XXXIV 


The  Influence  of  Stage  of  Lactation  on  the  Proportion  of  /9- Carotene  in  the  Total 

Carotenoids  of  Milk 

The  Influence  of  the  Season  on  the  Proportion  of  the  total  extinction  at  451  mu.) 


Stage  of 
lactation 

Number  of 
samples 

Mean 

value 

Standard 

deviation 

Day — 2 

6 

29 

9-4 

3 

9 

24 

7-5 

4 

8 

26 

11-2 

5 

13 

25 

7-6 

6 

5 

25 

3-6 

7 

8 

25 

8-3 

8 

11 

20 

8-6 

9 

4 

17 

4-8 

10 

10 

23 

7-9 

1 1-17 

Week — 5-22 

15 

21 

18 

22 

6-6 

5-4 

TABLE  XXXV 

The  Influence  of  the  Season  on  the  Proportion  of  /?- Carotene  in  the  Total 

Carotenoids  of  Milk 


(All  results  are  expressed  as  percentages  of  the  total  extinction  at  451  mp.) 


Season 

Number  of  Mean  Standard 

samples  value  deviation 

January-March 

April-June  .  ' 

July-September 
October-December  .  * 

2?  23  7.5 

2\l  ?!  84 

24  ?i  98 

^4  24  5.5 

PERCENTAGE,  in  BLOOD  CAROTENOIDS  percentage  in  BLOOD  CAROTENOIDS 
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The  Relation  between  the  Proportions  of  Carotenoids  in  Milk  and  Blood 

A  few  samples  of  blood  plasma  and  milk  taken  simultaneously  were  obtained 
from  women  who  were  patients  in  the  Radcliffe  Infirmary,  Oxford.  The  results 
for  the  vitamin  A  and  total  carotenoid  content  of  these  samples  will  be  discussed 
later  (p.  57).  The  individual  carotenoids  of  both  milk  and  plasma  were 
analysed  chromatographically.  The  results  for  milk  are  included  among  those 
in  Table  XXXII.  The  mean  values  for  the  proportions  of  carotenoids  in 
13  samples  of  milk  were  as  follows  :  /3-carotene  22,  lycopene  6,  unknown 
pigment  18,  and  lutein  55  per  cent.  Although  the  distribution  of  pigments 
in  blood  plasma  and  in  fnilk  is  not  the  same,  the  proportion  that  any  one  of 
them  bears  to  the  total  carotenoids  of  plasma  is  correlated  with  the  proportion 
in  the  total  carotenoids  of  milk  (Fig.  2).  There  is  always  more  /3-carotene 
in  plasma  than  in  milk  and,  except  in  one  sample,  less  lutein.  The  unknown 
pigment  is  fairly  evenly  distributed  and,  although  the  results  for  lycopene  are 
less  clear-cut,  there  is  a  tendency  toward  a  higher  proportion  in  plasma.  Although 
carotenoids  pass  through  the  mammary  gland  less  easily  than  vitamin  A,  it  is 
surprising  that  lutein  which,  as  far  as  we  know,  has  no  vitamin  A  or  other 
biological  activity,  should  be  secreted  in  preference  to  /3-carotene.  It  is 
conceivable  that  /3-carotene  may  be  changed,  possibly  to  vitamin  A,  in  its 
passage  through  the  mammary  gland  but  this  would  still  involve  a  selective 
permeability  to  lutein  as  compared  with  lycopene  and  the  unknown  pigment. 
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THE  RELATION  BETWEEN  THE  CONTENT  OF  VITAMIN  A  AND 
CAROTENOIDS  IN  MILK  AND  IN  BLOOD 


The  vitamin  A  content  of  blood  plasma  is  known  to  be  low  in  pregnancy 
(Gaehtgens,  1937  ;  de  Haas  and  Meulemans,  1938  ;  Hirst  and  Shoemaker, 
1941;  Hoch,  1944,  a).  Since  the  vitamin  A  level  in  the  mother's  blood  rapidly 
returns  to  normal  after  delivery  (Byrn  and  Eastman,  1943  ;  Lund  and  Kimble, 
1943),  this  low  value  is  thought  to  be  primarily  due  to  a  physiological  dilution 
of  the  blood  (Garry  and  Wood,  1946). 

Dr.  H.  Hoch  determined  the  vitamin  A  and  carotenoid  content  of  the  plasma 
of  a  number  of  London  Hospital  women,  who  gave  early  lactation  samples 
for  analysis  (p.  43).  His  method  (Hoch  1944,  b,  1946)  differs  from  the  method 
that  we  have  described  (p.  33)  but  his  results  are  in  good  agreement  with 
ours.  Figures  3  and  4  show  the  values  found  by  Hoch,  together  with  those 
which  we  obtained  for  plasma  from  13  women  who  were  patients  in  the 
Radcliffe  Infirmary,  Oxford  (p.  56).  These  results  support  the  findings  of 
Byrn  and  Eastman  (1943)  and  Lund  and  Kimble  (1943)  that  the  vitamin  A 
content  of  plasma  rapidly  returns  to  normal  after  parturition.  All  results 
obtained  after  the  first  day  were  within  the  normal  range  and  showed  no  trend 
during  the  first  14  days  after  delivery.  The  values  obtained  for  carotenoids 
were  more  variable.  It  will  be  remembered  that  the  vitamin  A  and  carotenoid 


Fig.  3.  The  vitamin  A 
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content  of  colostrum  and  early  milk  is  very  high  and  that  a  rapid  decrease 
occurs  during  the  first  14  days  (p.  43).  Since  these  changes  are  not  associated 
with  any  alterations  in  the  content  of  these  substances  in  the  plasma,  it  is 
likely  that  they  are  due  to  alterations  in  the  secretory  activity  of  the  mammary 
gland. 

The  results  for  vitamin  A  obtained  by  both  Byrn  and  Eastman  (1943)  and 
Lund  and  Kimble  (1943)  are  higher  than  ours,  but  the  discrepancy  may  be  due 
in  part  at  least  to  differences  in  vitamin  A  standards. 
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DAY  OF  LACTATION 

Fig.  4.  The  carotenoid  content  of  blood  plasma  during  the  first  14  days  of  lactation. 
Data  obtained  in  collaboration  with  Dr.  H.  Hoch 


A  study  of  the  relation  between  the  content  of  vitamin  A  and  carotenoids 
in  blood  plasma  and  in  milk  during  early  lactation  is  extremely  difficult  on 
account  of  the  rapidly  decreasing  concentration  of  these  substances  m  mil  . 
Even  when  lactation  is  fully  established  the  vitamin  A  content  of  milk  continues 
to  fall,  though  more  slowly  than  in  the  early  stages  (p.  44),  so  that  it  is  essential 
for  samples  to  be  taken  as  nearly  at  the  same  stage  of  lactation  as  possible. 

We  investigated  the  vitamin  A  and  carotenoid  content  of  milk  and  blood 
plasma  from  mothers  attending  the  post-natal  clinic  of  the  Glasgow  Royal 
Maternity  and  Women’s  Hospital,  using  samples  obtained  between  the 
25th  and  39th  days  of  lactation.  The  mean  vitamin  A  content  of  plasma 
36  women  was  119*3  I.U.  per  100  ml.  with  a  standard  deviation* of  23  5’*™ 
that  of  milk  was  41*3  I.U.  per  g.  fat  with  a  standard  deviation  of T3-4  ThaUh 
variation  is  greater  for  milk  than  for  blood  may  be  due  in  part  to  variation 
in  fat  content.  The  fat  content  of  the  milk  secreted  by  these  women  was 
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not  accurately  known,  but  if  the  mean  content  was  greater  than  3-0  g.  per 
100  ml.,  which  it  almost  certainly  was,  then  the  vitamin  A  content  of  milk 
was  greater  than  that  of  plasma.  There  was  no  correlation  between  the  content 
of  vitamin  A  in  plasma  and  in  milk  fat  (r  =  -j-  O’ 09  i  0*  17).  The  mean  value 
of  119  I.U.  vitamin  A  per  100  ml.  plasma  is  in  good  agreement  with  the  mean 
of  1 10  I.U.  per  100  ml.  found  by  Moore  and  Leitner  (1949)  for  37  non-pregnant, 
non-lactating  women.  The  mean  carotenoid  content  of  the  plasma  of 
38  women  was  85-8  ng.  per  100  ml.  with  a  standard  deviation  of  26  -6  and  that 
of  milk  was  5-1  //g.  per  g.  fat  with  a  standard  deviation  of  2-4.  Again  the 
variation  was  greater  in  milk  than  in  blood.  If  the  fat  content  is  taken  as 
4  0  g.  per  100  ml.,  the  carotenoid  content  of  milk  would  be  20  //g.  per  100  ml., 
which  is  only  a  small  fraction  of  that  in  plasma.  The  coefficient  of  correlation 
between  the  carotenoid  content  of  milk  fat  and  that  of  plasma  was  -f-O-55 
with  a  standard  error  of  0-16,  which  is  statistically  significant. 

It  is  clear  that  vitamin  A  passes  into  milk  fairly  easily  whereas  the  membranes 
of  the  mammary  gland  tend  to  hold  back  carotenoids.  The  relative 
permeability  of  the  gland  to  individual  carotenoids  is  discussed  on  p.  56. 
Apparently  the  content  of  carotenoids  in  milk  fat  is  related  to  the  content  in 
plasma  but  vitamin  A  content  is  not  governed  by  such  a  relationship.  The 
secretion  of  vitamin  A  into  milk  must  therefore  depend  on  factors  which  do 
not  affect  the  secretion  of  carotenoids.  It  is  of  interest  in  this  connexion  that 
the  vitamin  A  content  of  milk  fat  continues  to  change  during  lactation  whereas 
that  of  carotenoids  does  not. 


SEASONAL  VARIATIONS  IN  THE  VITAMIN  A  AND  CAROTENOID 


CONTENT  OF  MILK 


The,  marked  seasonal  variation  in  the  vitamin  A  and  carotenoid  con 
cow  s  milk  is  well  known,  but  little  attention  has  been  paid  to  the  effect  of 
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In  contrast,  the  examination  of  values  obtained  for  the  carotenoid  content 
shows  that  the  seasonal  trend  for  this  constituent  is  highly  significant.  In 
all  three  years  low  values  occurred  in  January  and  February.  Even  in  1941-42, 
when  the  general  level  was  higher,  the  values  observed  in  these  months  were 
relatively  low.  In  1944-45  low  values  were  observed  also  in  December.  It  was 
in  these  months  (together  with  March)  that  particularly  low  values  were  found 
for  the  vitamin  C  content  of  milk  (p.  134),  though  this  seasonal  variation  in 
vitamin  C  was  more  marked.  Since  green  vegetables,  which  are  the  principal 
source  of  carotenoids  in  the  diet,  are  also  one  of  the  two  main  sources  of 
vitamin  C,  this  parallelism  was  to  be  expected.  The  vitamin  A  content  of  milk 
fat  is,  however,  not  low  at  this  time  of  the  year,  and  it  therefore  seems  likely 
that  the  preformed  vitamin  A  consumed  by  the  mother  has  much  more  influence 
than  the  intake  of  carotene  on  the  amount  of  vitamin  A  in  the  milk.  It  is  of 
interest  that  particularly  low  values  for  the  carotenoid  content  of  blood  in 
January  and  February  were  observed  by  Moore  and  Leitner  (1949).  The  abrupt 
change  in  the  carotenoid  content  of  the  milk  fat  of  Reading  and  Shoreditch 
samples  which  occurred  in  June,  1942,  was  mentioned  on  p.  34.  We  are  unable 
to  account  for  this  break  either  by  alterations  in  technique  or  changes  in  the 
carotenoid  content  of  the  mothers’  diets.  For  this  reason  we  have  quoted  the 
earlier  values  italicized  in  Tables  XXXVII  and  XXXIX,  but  they  were  not 
used  in  the  statistical  analysis. 

As  we  have  obtained  fewer  results  for  Shoreditch  women,  especially  in 
1 943_44  and  1944-45,  we  have  considered  these  quarterly  instead  of  month  y 
(Tables  XXXVIII,  XXXIX).  The  Shoreditch  results  are  further  complicated 

SSLn  is 

preceding  quarters,  thus  supporting  our  findings  for  Reading  sample  . 


the  vitamin  a  and  carotenoid  content  of  milk  studied  in 

Sources  of  Vitamin  A  in  the  Diet  of  Locating  Women 

The  amount  of  preformed  ''g^atl^dSri^g ThJ'cour^  of  our 
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themselves  instead  of  giving  it  to  the  child, 
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The  statement  of  Garry  and  Wood  (1946)  that  cod  liver  oil  in  tablet  form  was 
issued  to  nursing  women  is  incorrect.  A  few  mothers,  41  from  Reading  and 
21  from  Shoreditch,  reported  that  they  had  taken  various  preparations 

containing  vitamin  A  since  the  birth  of  the  baby. 

The  principal  sources  of  carotene  in  the  diet  are  leafy-green  and  yellow 
vegetables.  The  amount  of  these  consumed  in  the  United  Kingdom  was 
greater  during  the  war  than  previously,  but  between  1941  and  1945  their  daily 
contribution  per  head  rose  only  from  1,537  to  1,690  I.U  vitamin  A  potency, 
these  figures  being  calculated  on  the  assumption  that,  in  human  nutrition, 
1-8  ng.  ^-carotene  is  approximately  equivalent  to  1  I.U.  vitamin  A  (Special 
Joint  Committee  Set  up  by  the  Combined  Food  Board,  1944,  a,  b).  When 
applied  to  individuals,  these  figures  are  meaningless,  since  the  variations  among 
different  people  and  between  seasons  are  enormous.  The  vitamin  A  obtained 
from  vegetables  probably  varied  from  little  or  nothing  to  2,000  I.U.,  and  even 
more,  per  head  daily. 


Source  of  Vitamin  A  in  the  Diet  of  Pregnant  Women 

In  contrast  with  the  unvarying  quantities  of  vitamin  A  available  to  nursing 
mothers,  expectant  mothers  received  greatly  increased  amounts  during  the  latter 
part  of  our  investigation.  During  1941  and  1942  no  supplements  of  vitamin  A 
were  taken  by  Reading  women  during  pregnancy.  At  Shoreditch,  however, 
some  pregnant  women  took  “  Multivite  ”  tablets,  which  were  supplied  at 
antenatal  clinics  by  the  local  Public  Health  authority.  Each  “  Multivite  ” 
tablet  is  reputed  to  contain  approximately  3,000  I.U.  vitamin  A.  On 
1st  December,  1942,  the  National  Vitamins  Scheme  was  extended  to  include 
expectant  mothers,  who  became  entitled  to  supplies  of  cod  liver  oil  (and  orange 
juice)  either  free  or  at  a  reduced  cost.  These  women  were  advised  to  take  one 
teaspoonful  of  cod  liver  oil  daily,  containing  about  4,000  I.U.  vitamin  A.  Between 
1st  January  and  31st  March,  1943,  before  the  scheme  could  become  fully  effective, 
only  4  of  53  Reading  women  whose  milk  we  examined  for  vitamin  A  reported 
that  they  had  consumed  cod  liver  oil  during  pregnancy.  As  it  was  soon  found  that 
many  women  would  not  take  liquid  cod  liver  oil,  the  supplement  was  made 
available  in  the  form  of  capsules  or  tablets,  and  when  this  was  done  in  April, 
1943,  the  proportion  of  those  taking  the  supplement  rose  steadily.  At  Shoreditch 
many  mothers  continued  to  take  “  Multivite”  tablets  during  pregnancy  some 
took  cod  liver  oil  capsules  instead,  a  few  took  both,  and  others  none’at  all. 


The  Influence  of  Vitamin  A  Supplements  Taken  during  Pregnancy  on  the 
Vitamin  A  Content  of  Full  Lactation  Milk  Fat 

Before  considering  general  trends  in  the  vitamin  A  content  of  milk  fat  during 
our  investigation  it  was  of  importance  to  determine  whether  the  supplements 
given  to  pregnant  women  would  have  any  influence  on  the  vitamin  ^content 

fhur  "V  k  ln  fu  lactatlon>  since  it  seemed  possible  that  3,000  or  4  000  I  U 
preformed  vitamin  A  taken  daily  in  addition  to  that  contained in thf  food 
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pointed  out  that  the  amount  of  “  Multivite  ”  taken  varied  from  one  to  four 
tablets  daily  (3,000  to  12,000  I.U.)  and  the  period  during  which  it  was  taken 
varied  from  one  week  to  three  months,  two  to  three  months  being  the  most  usual 
time. 

It  is  possible  to  make  a  similar  comparison  for  Reading  women,  since 
between  1st  October,  1943,  and  31st  March,  1944,  approximately  half  of  those 
whose  milk  we  examined  for  vitamin  A  had  taken  cod  liver  oil  capsules  during 
pregnancy.  The  mean  vitamin  A  content  of  the  milk  of  53  women  who  had  not 
taken  any  vitamin  A  supplement  was  33-0  I.U.  per  g.  fat  and  that  of  67  women 
who  had  taken  cod  liver  oil  capsules  was  32-5  I.U.  per  g.  fat.  The  amount  of 
cod  liver  oil  to  which  these  women  were  entitled  was  one  daily  tablet  containing 
4,000  I.U.  vitamin  A  during  the  last  six  months  of  pregnancy,  but  it  is  probable 
that  the  amount  actually  taken  was  considerably  less. 

The  results  of  both  these  comparisons  make  it  clear  that  the  supplements 
had  no  influence  on  the  vitamin  A  content  of  the  milk  fat.  We  do  not  know 
whether  the  supplements  increased  the  stores  of  vitamin  A  in  the  liver  ;  if  so, 
it  would  appear  that  an  increase  of  this  degree  in  the  liver  reserves  is  without 
effect  on  the  vitamin  A  content  of  full  lactation  milk.  It  will  be  remembered 
that  when  a  large  amount  of  vitamin  A  (240,000  I.U.)  was  given  to  women 
immediately  before  parturition,  the  vitamin  A  content  of  the  milk  fat  during  the 
following  nine  days  was  appreciably  increased  (p.  51).  These  two  findings  are 
not  necessarily  contradictory  for  the  liver  may  cling  less  tenaciously  to  its 
stores  of  vitamin  A  just  after  parturition  than  subsequently,  and  it  is  possible 
that  the  increased  amount  of  vitamin  A  in  the  milk  fat  would  not  have  persisted 
for  very  long.  Braun  (1945)  found  that  in  cows  there  was  no  relationship 
between  the  vitamin  A  content  of  the  blood  and  that  of  the  liver  unless  the 
stores  in  the  liver  fell  to  very  low  levels,  and  possibly  the  same  may  be  true 

of  milk. 


The  Vitamin  A  Content  of  the  Milk  of  Reading  Women,  1941-45 

The  monthly  and  yearly  mean  values  for  the  vitamin  A  content  of  milk 
samples  Tom  Reading  women  are  shown  in  Table  XXXVI.  There  is  no  sign 
of  any  tren^in  the  vftamin  A  content  during  the  course  of  our  investigation 
nor  isy  there  any  indication  that  the  increased  amount  of  vitamin  A  consumed 
bv  women  during  pregnancy  in  1943  and  1944  has  in  any  way  affected  the 
vitamin  A  content  of  their  milk.  It  might  be  mentioned  that  the  f  guenon 
of  a  flour  of  higher  extraction  rate  for  breadmaking  in  April,  1942,  would  De 
expected  to  increase  the  consumption  of  vitamin  E  by  the  population  generafly 

rr-d 

vitamin  A  dunng "took*  various  commercial  preparations  containing 
Of  these  mot  >  liquid  cod  liver  oil  or  the  capsules  containing 

vitamin  A,  and  19  tooK  euner  q  w  |f  rentres  The  mean  vitamin  A 

vitamins  A  and  D  which  were  supplied  at  Welfare  Centres,  in 
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content  of  milk  fat  from  the  former  group  was  39-6  I.U.  per  g.  with  a  standard 
deviation  of  8-31,  and  that  of  the  latter  was  41  •  1  I.U.  per  g.  with  a  standard 
deviation  of  1 8  •  2.  Comparison  may  be  made  with  the  mean  value  of  3 1  •  9  I.U. 
per  g.  fat  (see  Table  XXXVI)  for  all  Reading  samples.  These  results  provide 
evidence  in  favour  of  the  view  put  forward  on  p.  50  that  the  vitamin  A  content 
of  milk  fat  can  be  appreciably  increased  by  the  administration  of  moderate 
amounts  of  vitamin  A,  and  show  that  the  vitamin  A  supply  of  the  infant  can 
be  increased  by  as  much  as  25  per  cent,  by  continuing  throughout  lactation  the 
vitamin  A  supplement  which  during  the  period  of  our  investigation  was  given 
only  during  pregnancy.  (See  also  p.  50  about  effect  of  consumption  of  liver.) 


The  Vitamin  A  Content  of  the  Milk  of  Shoreditch  Women,  1942-45 

The  vitamin  A  content  of  the  milk  fat  obtained  from  Shoreditch  mothers 
between  1942  and  1945  is  shown  in  Table  XXXVI II.  In  1942-43  and  1943-44 
the  values  remained  steady  and  were  much  the  same  as  those  found  for  Reading 
samples  in  the  same  years.  In  1944-45,  however,  there  was  a  decided  drop, 
very  much  greater  than  the  slight  depression  which  occurred  in  the  Reading 
values  obtained  concurrently,  and  most  marked  after  the  second  quarter  of  1944. 
During  this  year  we  examined  a  number  of  second,  and  even  third,  samples 
from  women  whose  milk  we  had  already  examined  once.  The  mean  value  for 
the  vitamin  A  content  of  34  second  samples  was  26-0  I.U.  per  g.  fat  with  a 
standard  deviation  of  6-8,  and  of  17  third  samples  was  25-1  with  a  standard 
deviation  of  9-0.  Both  these  values  are  in  good  agreement  with  the  mean  of 
26-8  obtained  for  the  63  first  samples  during  the  year.  As  we  have  already 
mentioned,  there  was  no  decrease  during  this  year  in  the  amount  of  vitamin  A, 
either  preformed  or  as  carotene,  available  to  nursing  mothers  that  could 
account  for  this  drop  in  the  vitamin  A  content  of  their  milk.  However,  in  June, 

1944  the  flying  bombs  first  appeared  in  London  and  were  followed  later  by  rocket 
bombs.  Until  March,  1945,  Londoners  lived  in  constant  imminent  danger 
and  life  was  scarcely  normal.  In  April,  1944,  the  Social  Survey  began  a  dietary 
study  among  the  Shoreditch  women  whose  milk  we  were  examining  (p.  152) 

by  ttie  end  of  June  this  had  to  be  temporarily  abandoned.  In  November 
944,  however  it  was  started  again  in  a  small  way  and  in  the  first  quarter  of 

1945  appreciable  numbers  of  women  participated  in  the  investigation.  As  will 
be  seen  from  Table  XXXVIII,  the  vitamin  A  content  of  the  milk  during  this 
quarter  was  very  low,  appreciably  lower  in  fact  than  'it  had  been  in  the  second 
quarter  of  1944  when  the  dietary  investigation  was  first  started.  Table  LXXXII 

nf  qishtFWS  that,the  dlCtary  intake  of  vitamin  A  was  lower  in  the  first  quarter 
°f  h9p45H  £an  m  the  se?ond  cluarter  of  1944-  This  difference  was  mosUy  due 

t  w  y7arshUman  milk  fat’ as  SUCh  SeaSOnal  dlff“  were  nofobser^d 

20O/eport8edS,hhOarMheyh  vitamin  A 

The  mean  vitamin  A  content  of  milk  fat  from  these  ’women  was^TlU  bir‘h’ 

Eilherl^r  naoTa8fle  1  U 

“  Mu'tivite  ”  tablets  in  the  way  Tt  waTbv  otie  *  the  takin®  of 

vtarnin  A,  or  the  tablets  were  taken  so  infrequent, yL  To C  „o“C“8 
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Comparison  between  the  Vitamin  A  Content  of  Milk  from  Reading  and  from 
Shoreditch 

In  1942-43  and  1943-44  the  vitamin  A  concentration  of  the  milk  fat  of 
Reading  and  Shoreditch  samples  was  the  same.  It  will  be  remembered,  however, 
that  there  was  a  discrepancy  in  the  fat  content  of  samples  from  the  two  places 
which  we  were  unable  to  explain  (pp.  23  and  24).  If,  as  we  believe,  this  was 
not  a  real  difference,  then  there  was  no  difference  in  the  vitamin  A  content 
of  milk  from  Reading  and  Shoreditch  in  these  two  years.  If,  on  the  other  hand, 
there  was  a  true  difference  in  the  fat  content  of  milk  from  the  two  places,  the 
vitamin  A  content  of  milk  samples  from  Shoreditch  must  have  been  lower  than 
that  of  those  from  Reading.  It  is  unlikely  that  such  a  difference  could  be 
accounted  for  by  a  difference  in  the  amount  of  vitamin  A  consumed. 

Variations  in  the  Carotenoid  Content  of  Milk,  1941-45 

Variations  of  the  total  carotenoids  of  human  milk  are  of  relatively  little 
significance  compared  with  those  of  the  vitamin  A  content,  for  their  amount 
is  small  and,  as  we  have  shown  (Thompson  et  al.,  1942,  and  p.  54),  only  a 
small  proportion  consists  of  /3-carotene  ;  hence  the  vitamin  A  activity  of 
the  carotenoid  fractions,  calculated  on  the  basis  that  1*8  Pg.  /5-carotene  is 
equivalent  to  1  I.U.  vitamin  A,  is  negligible  (p.  54).  We  have  already  pointed 
out  that  almost  all  the  carotenoids  in  the  diet  came  from  unrationed  foodstuffs, 
and,  as  we  expected,  there  were  wide  individual  variations  in  the  carotenoid 
content  of  milk.  Nevertheless,  as  shown  in  Table  XXXVII,  the  means  for 
Reading  samples  in  three  separate  years  were  almost  identical.  (The  higher 
values  found  in  1941-42  have  already  been  discussed  on  p.  62.)  In  1942^43 
and  1943-44  the  means  for  Shoreditch  samples  showed  a  remarkable  corre¬ 
spondence  to  the  Reading  values  but  in  1944-45,  when  the  vitamin  A  content 
of  Shoreditch  samples  was  low,  the  total  carotenoid  content  was  also  some¬ 
what  reduced.  The  carotene  intake  of  Shoreditch  women  in  the  second 
quarter  of  1944  and  in  the  first  quarter  of  1945,  as  measured  by  the  Social 
Survey,  does  not  show  any  correspondence  to  the  carotenoid  content  of  the  milk 
(Table  LXXXIX,  p.  164),  but  this  is  not  altogether  surprising  since,  on  account 
of  the  enormous  variation  in  the  carotene  content  of  vegetables  of  the  same 
kind,  the  calculation  from  tables  of  carotene  consumption  is  particularly 
liable  to  error.  Also,  as  pointed  out  in  the  recent  report  of  the  Vitamin  A 
Sub-Committee  (Hume  and  Krebs,  1949)  on  human  requirements  for  vitamin  A 
and  carotene,  the  availability  of  carotene  from  different  sources  varies  greatly 
and  there  is  still  much  to  be  learned  concerning  its  availability  from  many 

kinds  of  vegetables,  and  how  this  availability  varies  from  one  individual  to 
another. 


COMPARISON  WITH  FINDINGS  OF  OTHER  WORKERS 

It  is  extremely  difficult  to  compare  our  results  with  those  of  other  workers 
partly  on  account  of  differences  in  sampling  methods  and  partly  because  of 
differences  in  vitamin  A  standards.  Earlier  workers  gave  their  results  a 

nf  r  ,"d  ,B  Ue  Units”and  there  is  much  doub‘  concerning  the  convert 
1 1  s  l°,  ,n'ernallonal  Unlts  °r  micrograms.  American  workers  have  used 
ihf’Ih.Tk  baSed  °?  the  USP'  Reference  Cod  Liver  Oil,  which  were  once 
certafn  (Hume,em3)  ‘°  International  U"its>  ba‘  **  *  now  much  less 
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Our  results  can  be  converted  to  pg.  on  the  assumption  that  1  pg.  is  equivalent 
to  3  I.U.  On  this  basis  the  mean  vitamin  A  content  of  the  milk  of  Reading 
mothers  is  10-6  tig.  per  g.  fat,  or  51  /<g.  per  100  ml.,  if  4-78  g.  per  100  ml.  is 
taken  as  the  mean  fat  content  of  the  milk  (see  Table  IV,  p.  20).  This  is  about 
1 5  per  cent,  lower  than  the  mean  value  of  60  pg.  per  1 00  ml.  found  by  Lecher  et  al. 
(1945)  for  the  milk  of  American  women  on  self-chosen  diets  and  the  62  tig. 
per  100  ml.  for  milk  obtained  from  women  during  5  days  in  which  they  received 
on  the  average  1,455  pg.  vitamin  A  and  6,248  pg-  carotene  daily  (Kaucher, 
Mayer,  Richards,  Williams,  Wertz  and  Macy,  1945).  No  figures  are  available 
for  the  average  consumption  of  vitamin  A  and  carotene  by  Reading  mothers 
but  in  view  of  the  findings  for  Shoreditch  women  (Table  LXXXI,  p.  154)  it 
seems  unlikely  that  the  intake  of  preformed  vitamin  A  can  have  exceeded  3,000 
I.U.  or  1,000  tig.,  with  an  additional  extremely  variable  intake  of  carotene.  It  is 
therefore  not  surprising  that  our  results  are  lower  than  those  of  Lesher  et  al. 
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E.  The  Vitamin  D  Content  of  Milk 

by  K.  M.  Henry,  S.  K.  Kon  and  E.  H.  Mawson 


BIOLOGICAL  ASSAY 

There  is  much  less  information  about  the  presence  in  human  milk  of  vitamin  D 
than  of  other  vitamins.  The  earlier  qualitative  biological  assays  suggested  that 
the  amount  was  small  (Hess  and  Weinstock,  1924  ;  Outhouse,  Macy  and 
Brekke,  1928).  More  recently  several  workers  obtained  quantitative  data 
which  will  be  discussed  in  comparison  with  the  results  obtained  by  us. 

The  prophylactic  method  described  by  Kon  and  Henry  (1935)  and  Henry  and 
Kon  (1942)  was  used.  Milk  from  a  number  of  women  was  pooled  and  the  fat, 
extracted  by  the  Rose-Gottlieb  method,  was  stored  in  the  refrigerator  under 
nitrogen  until  required.  The  fat  was  fed  directly  without  saponification  ;  this 
tends  to  give  results  for  the  potency  of  milk  fat  higher  than  those  obtained 
with  the  non-saponifiable  residue  (Booth,  Henry  and  Kon,  1942).  In  all  assays 
two  doses  of  fat,  usually  0-2  and  0-4  g.  per  rat  daily,  were  compared  with 
three  or  four  doses  of  the  international  standard  for  vitamin  D  ;  groups  of 
9-12  rats  were  used  for  each  dose.  The  results  were  calculated  according  to  the 
method  of  the  British  Standards  Institution  (1940)  modified  for  litter  mate 
comparisons  by  Dr.  A.  C.  Bottomley 

THE  VITAMIN  D  CONTENT  OF  MILK  FAT  IN  EARLY  AND  IN 

LATER  LACTATION 

The  results  of  assays  of  five  samples  of  milk  fat  obtained  in  early  lactation 
and  of  three  obtained  in  later  lactation  are  given  in  Table  XL.  All  samples 
of  early  lactation  fat  came  from  women  in  the  maternity  wards  of  Paddington 
Hospital.  The  first  was  obtained  during  a  period  of  four  months  by  extraction 


TABLE  XL 

The  Vitamin  D  Content  of  Milk  Fat 


Stage  of 
lactation 

Samples 

from 

Dates  of 

Collection  Test 

Potency 
(/.  U.  per 

8 ■  fat) 

True 

fiducial 

limits 

P=095 

First  two 
weeks 

Paddington 

Hospital 

March-June,  1943 
September,  1943 
December,  1943 
March-April,  1943 
July,  1944 

June,  1943 
September,  1943 
December,  1943 
April,  1944 
October,  1944 

0.27 

0.25 

0.14 

0.13 

0.20 

0.16-0.40 

0.23-0.27 

0.10-0.17 

0.10-0.15 

0.15-0.26 

Three  weeks 
to  six 

Reading 

and 

March-May,  1943 

June,  1943 

0.41 

0.28-0.57 

months 

Shoreditch 

May,  1943-March, 
1944 

April,  1944 

0.15 

0.11-0.18 

March,  1944- 

Februafy,  1945 

February,  1945 

0.17 

0.10-0.24 
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from  milk  left  after  the  estimation  of  other  vitamins  (p.  1 5).  The  other  four 
samples  were  obtained  through  the  kindness  of  Dr.  A.  S.  MacFarlane  from 
pooled  collections  made  usually  during  a  fortnight. 

Full  lactation  fat  was  obtained  from  the  milk  of  Reading  and  Shoreditch 
women  and  consisted  of  the  fat  left  after  the  analyses  for  other  vitamins  had 
been  completed.  The  period  taken  to  collect  sufficient  material  for  the  first 
test  was  three  months,  but  nearly  a  year  was  required  for  the  last  two,  so  that 
deterioration  during  storage  may  well  account  for  the  lower  results  obtained 
for  them. 

The  value  of  0-41  I.U.  per  g.  fat  for  the  first  sample  of  full  lactation  fat  is 
higher  than  any  of  the  results  for  early  lactation  fat,  so  that  it  is  possible  that  the 
vitamin  D  content  of  milk  may  be  higher  in  later  lactation  than  during  the 
first  two  weeks.  No  definite  conclusions  can  be  drawn  without  further  evidence 
but  it  is  clear  that  the  very  high  values  characteristic  of -vitamin  A  in  early 
lactation  are  not  found  for  vitamin  D. 


SEASONAL  VARIATIONS  IN  THE  VITAMIN  D  CONTENT  OF  MILK  FAT 

The  results  for  the  fat  of  early  lactation  milk  obtained  at  different  times  of  the 
year  provide  some  evidence  of  a  seasonal  variation  in  its  vitamin  D  content 
(Table  XL).  Values  obtained  for  the  fat  of  milk  collected  in  December  and 
in  March  and  April  were  lower  than  those  obtained  when  the  collection  period 
was  extended  from  March  until  June,  and  also  lower  than  those  obtained  in 
July  and  September.  It  is  not  surprising  to  find  low  values  in  winter  and 
early  spring  when  there  is  comparatively  little  sunshine  and  the  cold  weather 
keeps  people  indoors,  and  it  is  of  interest  to  note  that  Hess  and  Weinstock 
(1927)  found  that  the  curative  effect  of  human  milk  in  rickets  in  rats  was  increased 
after  irradiation  of  the  mother  with  ultra-violet  light.  On  the  other  hand, 
Drummond,  Gray  and  Richardson  (1939)  found  no  seasonal  variations  in  the 
vitamin  D  content  of  human  milk  but,  as  their  assays  were  made  on  the  milk  of 
individual  women  instead  of  on  pooled  samples  such  as  were  used  by  us,  it  is 
possible  that  individual  variations  may  have  concealed  the  effect. 

RESULTS  OF  OTHER  WORKERS  AND  CONCLUSIONS 

The  values  of  0- 13  to  0-41  I.U  per  g.  fat  obtained  by  us  for  the  vii unun  D 
content  of  milk  are  much  lower  than  those  of  0-5  to  2-7  I.U.  per  g.  tat  repor 
by  Drummond  et  al.  (1939),  the  only  results  previously  published  for  the  >  m ilk 
of  English  women.  The  results  of  the  American  workers.  Hams  and  Bun 
(1939)  and  Polskin,  Kramer  and  Sobel  (1945)  are  given  as  I.  .per  •  j 

discussed  on  p.  36.  In  this  case  a  ro  *  fFt  f  human  milk.  On  this 
100  ml.  is  taken  as  an  average  value  somewhat  higher  than  the 

basis,  our  results  of  0-5  to  1  6  .  •  P  ,  (1939)  and  the  range  of  traces 

Escudero  (1940)  0-8  I.U.  per 

100  ml.  milk. 
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There  can  be  no  doubt  that  the  vitamin  D  content  of  human  milk  is  very 
low.  Efforts  to  increase  it  by  giving  cod  liver  oil  to  mothers  have  for  the  most 
part  been  unsuccessful,  according  to  Polskin  et  al.  (1945)  who  have  examined 
the  literature  carefully.  They  were  able  to  increase  the  vitamin  D  content  ol 
milk  by  giving  massive  doses  of  vitamin  D  in  pregnancy  and  lactation  but 
the  increases  were  very  small  in  relation  to  the  amount  given.  Quantitative 
data  on  the  effect  of  irradiation  of  the  mother  are  lacking,  and  further 
information  on  other  aspects  of  the  secretion  of  vitamin  D  into  human  milk 
is  also  badly  needed.  The  little  evidence  so  far  available  suggests  that  the 
mode  of  secretion  of  vitamin  D  into  milk  is  different  from  that  of  vitamin  A. 
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The  importance  of  the  diet  of  the  mother  for  the  production  of  milk  containing 
a  substance  necessary  for  the  protection  of  the  infant  against  beri-beri  was 
recognized  very  early.  Andrews  (1912),  after  producing  polyneuritis  in  puppies 
fed  on  milk  from  women  whose  babies  had  died  of  beri-beri,  said  :  “  It  seems 
probable  that  there  is  an  intimate  relation  between  beri-beri  of  infants  and  a 
mother’s  milk  poor  in  quality  and  lacking  certain  necessary  elements  which 
are  not  included  in  the  mother’s  dietary  ”.  Infantile  beri-beri  is  now  thought  to 
be  complicated  by  the  secretion  into  the  milk  of  toxic  products  of  incomplete 
carbohydrate  metabolism  in  the  mother  (Fehily,  1941),  but  the  condition 
responds  rapidly  to  treatment  with  vitamih  Bx. 

In  order  to  determine  the  value  of  the  level  of  vitamin  lb  in  milk  as  a 
nutritional  index  it  is  first  necessary  to  consider  how  far  it  may  be  affected  by 
factors  other  than  the  amount  ot  the  vitamin  in  the  diet.  Such  factors  include 
the  stage  of  lactation,  the  age  of  the  mother  and  her  parity.  It  is  also  of 
importance  to  determine  whether  the  vitamin  Bj  content  of  the  milk  is  subject 
to  rapid  fluctuation  with  changes  in  the  vitamin  Bj  intake,  or  whether  it  is  more 
closely  related  to  the  general  nutritional  history  of  the  woman.  This  is  of  great 
importance,  since  the  dietary  habits  of  an  individual  are  by  no  means  rigid  and 
they  could  not  be  controlled  in  a  survey  of  this  type. 


THE  ESTIMATION  OF  FREE  AND  COMBINED  VITAMIN  Bj  IN  MILK 

The  development  by  Jansen  (1936)  of  the  thiochrome  method  made  possible 
the  measurement  of  the  vitamin  Bx  content  of  milk  with  much  less  exPendl^re 
of  time  and  material  than  was  needed  for  biological  tests.  Neuweiler  (193  ) 
was  the  first  to  publish  figures  for  human  milk  obtained  by  this  procedure  but 
he,  like  several  other  of  the  early  workers  (Neuweiler,  1938  ;  Widenbauer  and 
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Heckler  1939  ;  Toverud,  1940),  failed  to  realize  that  in  milk  vitamin  Bj  is  partly 
present  in  a  bound  form  which  is  not  measured  by  the  thiochrome  test  so  that 
their  values  represent  only  the  “  free  ”  vitamin  Bt  of  human  mi  .  o  , 
Kon  and  Thompson  (1940),  working  with  cow’s  milk,  found  that  results  obtained 
after  treatment  of  the  milk  with  the  enzyme  preparation  takadiastase 
corresponded  well  to  results  obtained  by  biological  assay.  Takadiastase 
contains  phosphatases  which  hydrolyse  phosphorylated  vitamin  B5,  liberating 
the  free  vitamin  for  estimation  by  the  thiochrome  method.  With  milk  not  so 
treated  the  thiochrome  derivative  of  phosphorylated  vitamin  B!  is  not  extracted 
by  wobutanol  but  remains  in  the  aqueous  layer.  Takadiastase  contains  other 
enzymes  besides  takaphosphatase  and  it  may  also  liberate  vitamin  Bj  loosely 
bound  to  protein,  but  this  action  is  probably  of  less  importance  than  the 
dephosphorylation.  The  problem  of  dealing  with  vitamin  B!  when  firmly 
combined  with  protein  in  human  milk  will  be  considered  in  the  next  section. 


Neuweiler  (1941),  Sundararajan  (1941),  Kendall  (1942),  Slater  and  Rial 
(1942)  and  Roderuck,  Williams  and  Macy  (1945)  have  used  the  enzymic 
procedure  for  measuring  the  vitamin  B,  content  of  human  milk.  The  method 
that  we  have  adopted  for  this  purpose  is  substantially  the  same  as  that  used  by 
Houston  et  al.  (1940)  for  cow’s  milk,  with  adjustments  to  the  fluorimeter  of  the 
Cohen  type  as  used  by  them,  which  increased  its  sensitivity  and  enabled  us  to 
use  smaller  amounts  of  material  than  had  been  possible  previously.  This  was 
a  great  advantage,  as  the  volume  of  the  samples  of  human  milk  was  often  small. 
The  details  of  our  procedure  were  as  follows  : 


About  50  mg.  takadiastase  (Parke,  Davis  &  Co.)  were  added  to  8  ml.  milk. 
The  pH  was  then  adjusted  roughly  to  4-2  by  the  addition  of  3  to  5  drops 
N/2  HC1,  with  bromcresol  green  as  indicator,  and  the  milk  was  kept  at  37°  C. 
for  H  to  2  hours.  Three  portions  of  2  ml.  were  then  placed  in  bottles  each 
containing  1  ml.  methyl  alcohol,  and  0,  0-2  and  0-3  ml.,  respectively,  of 
1  per  cent,  potassium  ferricyanide  was  added  to  each.  After  mixing,  1  ml. 
40  per  cent.  NaOH  was  added  and,  after  further  mixing,  the  bottles  were 
allowed  to  stand  for  1  minute  ;  15  ml.  redistilled  wobutanol  were  added  and 
the  bottles  were  well  stoppered  and  shaken  vigorously  for  about  1  minute. 
After  standing  for  1  hour  the  wobutanol  layer  was  generally  quite  clear  and 
10  ml.  portions  were  removed  for  measurement  of  the  blue  fluorescence  in  the 
fluorimeter.  The  bottle  without  ferricyanide  was  used  for  the  “  blank  ”  reading, 
which  was  subtracted  from  the  higher  of  the  two  readings  of  the  unknown. 
The  fluorimeter  was  standardized  from  time  to  time  with  crystalline  vitamin  B, 
added  to  human  milk,  and  in  the  intervals  a  fluorspar  block  was  used  as  a  check. 
Later  a  quinine  solution,  standardized  with  pure  vitamin  Bl5  was  used  in 
preference  to  the  fluorspar,  and  readings  for  the  quinine  were  taken  with  each 
set  of  readings  of  thiochrome.  A  new  quinine  solution  was  prepared  once  a 


In  our  opinion  the  thiochrome  method  for  the  estimation  of  vitamin  B, 
is  not  altogether  satisfactory.  Some  of  its  limitations  are  common  to  al 
measurements  of  fluorescence  with  the  instruments  available  at  present  and 
“  addll,°n  'he  °*'dati°"  of  vitamin  B,  to  thiochrome  with  alkaline  ferricyanWe 

-  swssra:  wttsrft.  r 
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zeolite  Decalso  but  not,  in  our  opinion,  for  whole  milk.  An  increased 
amount  of  fluorescence  is  obtained  when  NaOH  is  added  to  milk  before,  instead 
of  after,  the  ferricyanide.  However,  this  additional  fluorescence  is  not 
eliminated  by  treatment  with  sodium  sulphite  as  described  by  Mason  and 
Williams  (1942).  Thus,  if  a  “sulphite  blank”  is  subtracted  from  the  reading 
obtained  in  the  fluorimeter  when  NaOH  is  added  before  ferricyanide,  substantially 
the  same  result  is  obtained  as  with  NaOH  added  after  ferricyanide  (Table  XLI). 

TABLE  XLI 

The  Effect  of  Adding  Sodium  Hydroxide  before  or  after  Potassium  Ferricyanide 
on  the  Amount  of  Vitamin  Bx  Found  in  a  Sample  of  Human  or  Cow's  Milk  Tested 

by  the  Thiochrome  Method 

{Milk  treated  with  takadiastase  at  pH  4-2  for  2  hours) 


Vitamin  Bx  ([ig.  per  100  ml.) 

Treatment 

Human  milk 

Cow's  milk 

Ferricyanide  added  first  .... 

170 

28-2 

Ferricyanide  added  first,  “  sulphite  blank  ”  subtracted 

16-7 

25-6 

Sodium  hydroxide  added  first  .  .... 

Sodium  hydroxide  added  first,  “  sulphite  blank  ” 

27- 1 

370 

subtracted 

18*5 

29-0 

Presumably,  therefore,  the  increased  fluorescence  is  not  due  to^  vitamin  Bj. 
We  have  not  adopted  the  method  of  absorption  on  “  Decalso  ”  for  human 
milk,  partly  because  of  the  larger  amount  of  material  and  longer  time  required 
to  complete  the  estimation,  and  partly  because  of  erratic  results  caused  by 
variations  in  the  proportion  of  the  added  vitamin  Bx  recovered  from  apparent  y 
identical  “  Decalso  ”  tubes.  In  our  opinion  this  latter  disadvantage  outweighs 
any  advantages  that  can  be  gained  by  using  this  technique  for  milk 

Although  results  for  individual  samples  may  be  subject  to  rather  larger 
errors  than  one  might  wish,  we  consider  that,  on  the  whole  mean  values  for  a 
number  of  samples  obtained  by  the  thiochrome  method  do  represent  the 
content  of  vitamin  B,  in  human  milk.  As  will  be  shown i  subsequent tly, .  resu 
obtained  in  this  way  are  generally  in  agreement  with  those  obtain  y 
rat-growth  and  yeast-fermentation  methods. 


THE  PROPORTIONS  OF  FREE  AND  COMBINED  VITAMIN  B,  IN  MILK 

Neuweiler  (1941)  measured  both  free  vitamin  B,  and  l^eek  of 

treatment  with  takadiastase  in  milk  from  mothers  m  the  9th  to  13th  week  ot 
lactation  and  found  that  50  to  80  per  cent,  of  the  total  was  in  the  free  form 

Jhf.Oth”  dayTo  9"nt°  in'lhe  10th  month,  “e*  Primari,J 

Reading  in  194,-42. 
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These  results,  shown  in  Fig.  5,  are  in  agreement  with  the  statement  of  Roderuck 
et  al.  (1945)  that  the  proportion  of  free  vitamin  Bx  increases  during  lac 
Figs.  8,  9  and  10  (pp.  91,  92  and  93)  indicate,  however,  that  the  reverse  occurs 

during  the  first  ten  days. 

Houston  et  al.  (1940)  observed  that  the  ratio  of  free  to  total  vitamin  in 
cow’s  colostrum  was  high  on  the  first  day  of  lactation,  after  which  it  fell  very 
rapidly  during  the  following  day  or  two,  and  then  increased  slowly  until,  in 
full  lactation  cow’s  milk,  a  very  high  proportion  of  the  total  vitamin  Bj  was 
in  the  free  form.  They  found  that  it  was  possible  to  relate  the  proportion  of 
free  vitamin  Bt  in  cow’s  milk  to  its  content  of  phosphomonoesterase. 
Pyrophosphatase  was  not  measured,  but  in  milk  samples  with  a  high  content  ol 
phosphomonoesterase  added  cocarboxylase  was  rapidly  hydrolysed,  a  fact 
which  suggests  that  the  distribution  of  the  two  enzymes  in  the  milk  was  parallel. 
They  sugg^ted  that  vitamin  Bx  is  secreted  into  milk  as  cocarboxylase  and  is 
hydrolysed  in  the  mammary  gland  to  orthophosphate  by  pyrophosphatase  and 
thence  to  free  vitamin  Bx  by  phosphomonoesterase.  The  possibility  that 
some  vitamin  B,  might  be  secreted  in  the  free  form  was  not  excluded. 
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They  also  observed  that  in  goat’s  milk  which  contained  very  little 
phosphomonoesterase  only  a  small  amount  of  free  vitamin  B,  was  present, 
de  Jong  (1942),  using  the  manometric  technique,  found  extremely  small  amounts 
of  cocarboxylase  in  cow’s  and  goat’s  milk,  and  concluded  that  the  small  amounts 
of  combined  vitamin  Bt  in  cow’s  milk,  and  the  much  larger  amounts  in  goat’s 
milk,  were  present  as  orthophosphate.  Human  milk  was  said  to  behave  in  the 
same  way  as  goat’s  milk,  and  de  Jong  considered  that  the  presence  of  large 
amounts  of  orthophosphate  in  goat’s  and  human  milk  was  due  to  an  inhibition 
of  phosphatase  activity  by  hexosediphosphate.  He  made  no  quantitative 
estimations  of  phosphatases  in  milk.  We  have  obtained  no  evidence  for  or 
against  this  theory  of  inhibition  but  we  know  that  in  goat’s  milk  (Houston  et  al., 
1 940)  and  in  human  milk  the  high  proportion  of  combined  vitamin  Bx  is  associated 
with  a  low  content  of  phosphatases.  Dr.  S.  J.  Folley  and  Mr.  S.  Watson 
very  kindly  carried  out  estimations  of  phosphomonoesterase  in  human  milk 
for  us  and  found  5  to  9  King-Armstrong  units  per  100  ml.  More  recently 
Dr.  J.  E.  C.  Mullen  examined  39  samples  obtained  between  the  3rd  and  15th 
weeks  of  lactation  and  found  values  ranging  from  0-7  to  16-2  King-Armstrong 
units,  with  a  mean  of  4-8.  It  will  be  recalled  that  mid-lactation  cow’s  milk 
contains  from  80  to  120  King-Armstrong  units  per  100  ml.  (Folley  and  Kay, 
1936). 


THE  OCCURRENCE  IN  MILK  OF  VITAMIN  Bx  FIRMLY  BOUND  TO 

PROTEIN 

Houston  et  al.  (1940)  found  that  in  cow’s  milk  a  certain  proportion  of 
vitamin  B ,  was  very  firmly  bound  to  protein  and  was  estimated  by  the 
thiochrome  method  only  after  treatment  with  pepsin.  The  amount,  however, 
was  small  and,  for  routine  tests,  treatment  with  pepsin  was  considered 
unnecessary.  Sundararajan  (1941),  in  estimating  the  vitamin  B,  in  human 
milk,  used  pepsin  at  pH  2-5  and  37°  C.  for  24  hours  before  incubation  with 
takadiastase,  but  did  not  report  for  comparison  any  values  obtained  when 
this  treatment  was  omitted.  Slater  and  Rial  (1942),  using  Neuweiler ^s  (193  ) 
procedure  of  incubating  with  pepsin  for  12  to  16  hours  at  pH  3  5  and 
found  only  very  small  amounts  of  protein-bound  vitamin  B,  in  two  of  the  three 
samples  tested  and  none  in  the  third.  We  have  treated  a  large  number  of  samples 

variable" increasefhTthe  vtamtrf  B^content  welfobserved  ’compared  with  the 
values  obtained  when  takadiastase  was  used  alone. 

,t  was  not *<19^)7  recommendeJfso  we  compared  the 

in  Fig.  6.  In  cow’s  milk  the  v.tamm  still  increasing 

2  to  3  days’  incubation  with  pepsin,  but  in  hum 

on  the  6th  day,  when  the  level  was  much  highe, D‘hnaeIJs;hnatan7^y>  l934  ; 

milk  by  biological  or  microbio  ogicn  J1®  1939  .  Knott,  Kleiger  and 

Eddy  and  Morris,  1934  ;  Morgan  a  d  Haynes,  .939  ^  ^  a 

Torres-Bracamonte,  1943).  we  attr  second  experiment 

conclusion  to  some  extent  supported  by  the  results  01 
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_J 

2 


DAYS 

Fig.  6.  The  influence  of  the  time  of  incubation  with  pepsin  at  pH  2  and  45°  C.,  with  and 
without  subsequent  treatment  with  takadiastase  at  pH  4  and  37°  C.  for  2  hours,  on  the 
apparent  vitamin  Bj  content  of  human  and  cow’s  milk.  (First  experiment) 
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TABLE  XLII 

The  Effect  on  the  Vitamin  Bl  Content  of  Human  Milk  of  Incubation  with 
Taka  diastase  in  the  Presence  and  in  the  Absence  of  Pepsin 

{Milk  sample  No.  241) 


Treatment 


Vitamin  Bl  ()xg.  per  100  ml.) 


Incubation  with  takadiastase  for  2  hours  at  pH  4  and  37°  C.  . 
Incubation  with  pepsin  for  20  hours  at  pH  2  and  45°  C.,  followed 
by  incubation  with  takadiastase  as  above 
Incubation  without  enzymes  for  20  hours  at  pH  2  and  45°  C. 
followed  by  incubation  with  takadiastase  as  above 


21-2 
24-8 
21  -2 


TABLE  XLIII 

The  Influence  of  the  Amount  of  Pepsin  on  the  Apparent  Vitamin  Bx  Content  of  Milk * 

{Incubation  with  takadiastase  for  2  hours  at  pH  4  and  37°  C.  Incubation  with 
pepsin  for  20  hours  at  pH  2  and  37°  C.  10  m/.  milk  taken  for  incubation  with  pepsin) 


Treatment 

Vitamin  Bx  (|xg.  per  100  ml.) 

Takadiastase  alone  . . 

17-5 

100  mg.  pepsin,  followed  by  takadiastase  .... 

25-6 

200  mg.  pepsin,  followed  by  takadiastase  .... 

25-6 

400  mg.  pepsin,  followed  by  takadiastase  .... 

25-3 

*  Pooled  sample  of  milk. 


TABLE  XLI V 

The  Influence  of  Treatment  with  Decalso  on  the  Apparent  Vitamin  Bx  Content 

of  Milk *  after  Incubation  with  Pepsin 

{Incubation  with  takadiastase  for  2  hours  at  pH  4  and  37°  C.  Incubation  with 
pepsin  for  varying  periods  of  time  at  pH  2  and  45°  C.  (a)  without  adsorption  on 

Decalso;  (b)  with  adsorption  on  Decalso) 


Treatment 


Vitamin  Bx  {\xg.  per  100  ml.) 


{a) 


(b) 


Takadiastase  .  .  •  • 

Pepsin  1  day,  followed  by  takadiastase 
Pepsin  2  days,  followed  by  takadiastase 
Pepsin  6  days,  followed  by  takadiastase 


18-5 

28-2 

34-7 

480 


22-2 

29-5 

380 


*  Pooled  sample  of  milk. 
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(Fig  7)  in  which  some  destruction  occurred  of  the  phosphorylated  vitamin  B, 
in  both  cow’s  and  human  milk  but  not  of  the  material  released  by  peptic 
digestion  of  human  milk.  We  found  also  that  the  higher  result  obtained  by 
incubating  human  milk  at  pH  2  and  45°  C.  with  pepsin  was  not  produced 
without  it  (Table  XLII)  and  that  the  magnitude  of  the  increase  was  independent 
of  the  amount  of  pepsin  used  (Table  XLII I).  The  blue  fluorescence  which 
developed  on  oxidation  with  alkaline  ferricyanide,  after  a  preliminary  purification 
by  adsorption  on  “  Decalso  ”  and  elution  with  potassium  chloride  solution, 
appeared  from  the  literature  to  be  specific  for  vitamin  Bv  The  peptic  digests 
were  therefore  submitted  to  this  procedure.  The  values  obtained,  though 
somewhat  less  than  when  the  thiochrome  technique  was  applied  directly  to  the 
peptic  digests,  were  nevertheless  very  much  higher  than  after  takadiastase 
treatment  alone  (Table  XLIV),  a  result  which  suggested  that  the  material 
might,  after  all,  be  vitamin  Bj.  However,  treatment  with  sodium  sulphite  as 
described  by  Mason  and  Williams  (1942)  did  not  destroy  the  apparent 
additional  vitamin  Bj  produced  by  digestion  with  pepsin,  and  the  use  of 
“  sulphite  blanks  ”  (Table  XLV)  yielded  results  only  slightly  higher  than  those 
found  with  takadiastase  treatment  only.  Our  belief  that  the  high  results 
obtained  with  pepsin  were  due  to  an  artifact  was  further  strengthened  by 
experiments  in  which  papain  was  used  in  combination  with  takadiastase, 
as  described  by  Harris  and  Wang  (1941).  No  appreciable  increase  was  found 
in  this  instance  (Table  XLVI). 

In  collaborative  experiments,  in  which  Dr.  E.  R.  Dawson  of  The  Distillers’ 
Company,  Ltd.  carried  out  measurements  of  vitamin  Bi  by  the  fermentation 
technique  (Schultz,  Atkin  and  Frey,  1942),  it  was  found  that  results  obtained 
by  this  method  corresponded  very  closely  to  those  obtained  after  treatment 
with  takadiastase  and  without  incubation  with  pepsin  (Table  XLVII).  Results 
obtained  on  peptic  digests  with  the  “sulphite  blank”  were  also  in  good 
agreement.  This  led  us  finally  to  abandon  the  use  of  pepsin. 


TABLE  XLV 


The  Apparent  Vitamin  Content  of  Peptic  Digests  of  Milk*  Determined  With 
and  Without  Subtraction  of  a  Blank  Reading  for  Milk  in  which  the  Vitamin  B, 
had  been  Destroyed  by  Treatment  with  Sodium  Sulphite 

(Incubation  with  takadiastase  for  2  hours  at  pH  4  and  37°  C.  Incubation  with 
pepsin  for  varytng  periods  of  time  at  pH  2  and  45°  C.  (a)  Usual  method  • 

(b)  with  sulphite  blank  ”  correction ) 


Treatment 


No  incubation  with  enzymes 
Takadiastase 

Pepsin  1  day,  followed  by  takadiasta; 
Pepsin  2  days,  followed  by  takadiasta 
Pepsin  3  days,  followed  by  takadiasta 
Pepsin  6  days,  followed  by  takadiasta 


*  Pooled  sample  of  milk. 

(•<7978) 


Vitamin  Bx  (yg.  per  100  ml.) 

(a) 

(b) 

4-5 

4-8 

15-2 

13-5 

240 

170 

24-8 

15-3 

27-5 

17-5 

290 

150 

P 
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TABLE  XLYI 


The  Apparent  Vitamin  Bx  Content  of  Milk *  after  Incubation  with  Papain  and 
Takadiastase  as  Compared  with  Treatment  with  Takadiastase  Alone  and  with 

Pepsin  Followed  by  Takadiastase 

(a)  Incubation  with  takadiastase  for  2  hours  at  pH  4  and  37°  C.  ( b )  Incubation 
with  papain  and  takadiastase  for  20  hours  at  pH  5  and  37°  C.  (c)  Incubation 
with  pepsin  for  42  hours  at  pH  2  and  45°C.  followed  by  incubation  with 
takadiastase  for  2  hours  at  pH  4  and  37°  C. 


Sample  number 


Vitamin  Bl  ((Jig.  per  100  ml.) 


(a) 


(6) 


(c) 


213 

214 

215 

217 

218 
222 
223 
231 
233 

Mean 


13- 8 
170 

15- 7 
12-3 

9-3 

14- 8 

16- 3 

16- 3 

17- 3 
14-9 


100 
14-8 
141 
14- 1 

14- 8 

15- 3 

14- 8 
19-6 

15- 6 
14-8 


260 

27-5 

23-3 

27-0 

230 

23-7 

21-2 

21-8 

20-3 

23-7 


*  Samples  from  individual  women. 


TABLE  XLVII 


The  Estimation  of  Vitamin  Bl  in  Milk 
( Comparison  of  the  Fermentation  and  Thiochrome  Methods ) 


Full  lactation  milk 


Experiment  1 

Fermentation  method 
Thiochrome  method — 

takadiastase  only  .  •  •  ,  • .  • 

pepsin  for  5  days,  followed  by  takadiastase  . 
pepsin  for  5  days,  followed  by  takadiastase,  with 


sulphite  blank” 


Vitamin 

([j.g.  per  100  ml.y 
140 

14-5 
21 A 
150 


Experiment  2 

Fermentation  method  •  •  •  ,.  • 

Fermentation  method  applied  to  peptic  digest 
Thiochrome  method — 

takadiastase  only  .  •  •  ■ .  ;  ] 

nensin  for  6  days,  followed  by  takadiastase  •  •  ^  ■ 

pepsin  te  6  days,  followed  by  takadiastase,  *.th“  sulphite  blank 

Early  lactation  milk 


15-1 

161 

15  0 
29-0 
150 


Vitamin  Bx 
((jig.  per  100  ml.) 
Sample  A  Sample  B 


Experiment  3 

Fermentation  method  • 

Thiochrome  method— 

sulphite  blank  - 


6  0  7  0 

4-5  50 

22-3  21-6 

3-5  5-7 
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Throughout  the  investigation  of  the  pepsin  artifact  we  estimated  the 
vitamin  Bj  in  our  routine  samples  both  with  and  without  incubation  with 
pepsin,  whenever  there  was  enough  milk.  When  there  was  not  enough,  the 
peptic  digestion  was,  for  a  time,  preferred.  These  results  were,  of  course,  of  no 
value  and  had  to  be  rejected,  and  this  explains  why  there  are  fewer  results  for 
vitamin  B,  than  for  other  vitamins. 


VARIATION  IN  THE  VITAMIN  Bi  CONTENT  OF  THE  MILK  OF 

INDIVIDUAL  WOMEN 


As  previously  explained,  all  milk  samples,  with  the  exception  of  those  from 
Paddington  Hospital,  were  of  necessity  obtained  during  the  morning,  and  we 
therefore  investigated  the  diurnal  variations  in  the  vitamin  Bj  content  of  the 
milk  of  four  women  in  order  to  determine  to  what  extent  a  specimen  of  a  single 
feed  can  be  considered  representative  of  the  milk  secreted  during  the  24  hours. 
The  results,  given  in  Table  XLVIII,  show  fluctuations  somewhat  greater  than 
those  found  for  vitamin  C  (see  Table  LXX,  p.  123)  but  there  is  no  definite  trend 
that  could  be  attributed  to  the  influence  of  vitamin  Bx  intake  at  meals,  such  as  was 
found  for  riboflavin  (see  Table  LXI,  p.  105),  and  the  variations  may  be  partly  due 
to  the  rather  unsatisfactory  nature  of  the  thiochrome  method  of  estimation 
(P-  75). 


Table  XLIX  gives  the  vitamin  Bx  content  of  sets  of  three  milk  samples,  obtained 
during  successive  weeks  from  each  of  21  women.  Apart  from  three  or  four 
rather  obvious  discrepancies,  which  could  not  be  checked  owing  to  the  small 
volume  of  the  original  sample,  the  variations  are  little  more  than  those  observed 
during  a  single  day.  Either  these  women  were  consuming  diets  fairly  constant 
in  their  vitamin  Bx  content,  or  else  the  vitamin  Bx  content  of  milk  is  not  easily 
affected  by  changes  in  the  amount  of  vitamin  Bl  consumed.  As  will  be  seen  later, 
it  is  this  second  possibility  that  we  consider  to  be  the  true  explanation  In 
another  section  we  have  presented  the  results  of  the  examination  of  thrice- 
\veekly  samples  of  milk  from  one  woman  throughout  her  lactation  (p  148) 
It  may  be  added  that  Slater  and  Rial  (1942)  noted  little  variation  from  day  to 
day  in  the  milk  of  individual  women. 


TABLE  XLVIII 

The  Vitamin  Content  of  Milk  throughout  the  Day 


(All  results  as  pg.  per  100  ml.) 

Mother's 

number 

Time  of  feed 

,  _  Coefficient 

Mean  of 

value  variation 

6  am-  10  6  p.m.  10  p.m 

1 

2 

3 

4 

Mean 

III  ??:!  HI  20S  21-1 

15-1  its  232  'll' 

»•*  2o-3  S:$  ,11:1, 

2T  6  6’  6 

18-7  100 

220  9-8 

15-7  8-4 

(#797$) 

- - - _ 
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TABLE  XLIX 

The  Vitamin  Bx  Content  of  the  Milk  of  Individual  Women  Measured  during 

3  Successive  Weeks 


Mother's 

number 

L/  week 

Vitamin  Bl  ([jig.  per  100  ml.) 

2nd  week  3rd  week  Mean 

Coefficient 
of  variation 

226 

12-4 

11-8 

14-7 

130 

12-2 

228 

14-7 

15-3 

15-3 

151 

41 

233 

13-7 

14-4 

131 

13-7 

4-8 

235 

12-7 

13-7 

13-7 

13-3 

4-3 

236 

14-4 

141 

14-4 

14-3 

1-2 

246 

20-4 

23-6 

22-3 

22-1 

6-8 

252 

90 

16-7 

16-3 

140 

31-0 

319 

16-7 

20-7 

20- 0 

191 

11-2 

320 

20-4 

190 

12-4 

17-3 

24-8 

337 

16-7 

20- 0 

24-0 

20-2 

18-1 

338 

19-3 

10-7 

120 

140 

331 

462 

12-4 

13-4 

170 

14-3 

170 

511 

21-4 

19-7 

13-7 

18-3 

22-1 

527 

150 

18-3  . 

170 

16-8 

9-9 

528 

14-7 

17-3 

18-3 

16-8 

111 

534 

15-3 

170 

200 

17-4 

13-5 

544 

18-3 

19-7 

19-7 

19-2 

4-2 

546 

200 

20-7 

18-7 

19-8 

5-1 

547 

200 

17-5 

19-3 

18-9 

6-8 

556 

21  0 

16*7 

180 

18-6 

11*9 

569 

14-7 

150 

18-3 

160 

12-5 

THE  VITAMIN  CONTENT  OF  MILK  THROUGHOUT  LACTATION 

Houston  et  al.  (1940)  showed  that  in  cow’s  milk  the  content  of  total 
vitamin  Bx  is  high  at  the  beginning  of  lactation  and  falls  rapidly  during  the 
first  months.  In  1941  we  examined  samples  of  early  lactation  milk  from 
patients  in  the  Royal  Berkshire  Hospital,  Reading,  and  were  able  to  detect 
only  small  amounts  of  vitamin  Bx.  We  concluded  that  in  this  respect  the 
mammary  gland  of  the  woman  behaves  differently  from  that  of  the  cow,  and 
this  view  was  supported  when  Kendall  (1942)  Slater  and  Rial  (1942),  Knott  c/  a  . 
0943)  and  Roderuck  et  al  (1945)  obtained  similar  results.  In  1943  we 
examined  a  larger  series  of  early  lactation  milk  samples  from  patients  in  the 
maternity  ward!  of  Paddington  Hospital,  London.  The  mean  values  for  their 
vitamin  B,  content  and  the  standard  deviations  are  given  for  each  day  of 
lactation  in  Table  L.  These  values  are  somewhat  higher  than  those  obtained 
in  Reading  in  1941,  a  fact  to  which  reference  will  be  made  later  (p.  99). 

The  difference  in  trend  of  the  vitamin  Bx  content  between  cow’s  milk  an 
human  milk  in  early  lactation  is  very  striking.  It  is  of  interest  that  the  goa 
I  Houston  et  al.  1940)  and  the  sow  (Braude,  Coates,  Henry,  Kon,  Rowlan  , 
Thompson  and  Walker,  1947)  both  behave  similarly  to  the  cow  in  this  respect. 
Jorven  Harris  Mille;,  Williams  and  Macy  (1945)  found  that  two  other 
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TABLE  L 

The  Vitamin  Bx  Content  of  Milk  in  Early  Lactation 

( Samples  from  the  maternity  wards  of  Paddington  L.C.C.  Hospital— 6th  January 

to  1th  July,  1943) 


Day  of 
lactation 

Number  of 
samples 

Mean  value 
([ig.  per  100  ml.) 

Standard 

deviation 

3 

14 

3-4 

1-45 

4 

29 

4-3 

1-51 

5 

29 

4-5 

1  •  30 

6 

32 

5-5 

1  -  72 

7 

32 

6-7 

1  -60 

8 

20 

7-5 

2-33 

9 

35 

7-7 

2-76 

10 

15 

90 

2-65 

11-17 

32 

10  9 

3-46 

and  Maynard  (1946)  noticed  a  slow  decline  with  advancing  lactation.  In  ewe’s 
milk,  however,  the  former  authors  found  twice  as  much  nicotinic  acid  as  in  the 
colostrum.  For  biotin  in  cow’s  milk  Lawrence  et  al.  detected  no  consistent 
trend  during  lactation. 

Slater  and  Rial  (1942)  reported  that  the  vitamin  content  of  milk  increased 
slowly  between  the  3rd  and  20th  week  of  lactation,  reaching  a  maximum  at  the 
20th  week.  We  have  not  been  able  to  confirm  this  and  we  are  in  agreement 
with  Roderuck  et  al.  (1945)  that  after  lactation  is  fully  established  the  vitamin  Bx 
content  remains  relatively  constant.*  Table  LI  contains  the  mean  values  and 
standard  deviations  for  each  week  of  lactation  and  is  based  on  analyses  of 
1,192  samples  of  milk,  a  few  of  them  second  and  third  samples  from  some 
mothers  ;  these  are  not  included  in  Tables  LVIII  and  LIX.  Despite  considerable 
individual  variations  these  mean  values  are  remarkably  constant.  Since  the 
means  for  the  3rd  and  4th  weeks  are  significantly  lower  than  those  for  the 
rest  of  the  time  we  consider  that  only  from  the  5th  week  onwards  is  milk 
“  mature  ’  in  its  vitamin  B!  content,  and  in  our  subsequent  considerations  all 
results  for  samples  earlier  than  the  5th  week  have  been  eliminated,  unless  the 
contrary  is  specifically  mentioned. 


THE  RELATION  OF  THE  VITAMIN  B,  CONTENT  OF  MILK  TO 

MILK  YIELD 

As  mentioned  in  the  general  introduction,  a  few  samples  of  milk  were  obtained 
from  women  who  were  giving  their  infants  some  other  form  of  nourishment 

ssipzgsssnsffwfss  SAssssn  sft  a  335 
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TABLE  LI 

The  Vitamin  Bx  Content  of  Milk  according  to  Stage  of  Lactation  from  the  3rd  Week 

Onwards 


{Milk  from  Reading  and  Shoreditch— July,  1941  to  March,  1945) 


Week 

lactation 

1941 

-42 

Reading 
1942  1943 

-43  -44 

1944 

-45 

Shoreditch 

1942  1943  1944 
-43  -44  -45 

Total 

number 

of 

samples 

Mean 
value 
(fi.g.  per 
100  ml.) 

Standard 

deviation 

Number  of  j 

amples 

3 

4 

1 

1 

13 

5 

1 

25 

13-8 

447 

4 

— 

4 

5 

5 

26 

11 

3 

54 

14-9 

3-23 

5 

3 

4 

10 

12 

30 

13 

12 

84 

16-5 

3-93 

6 

3 

7 

25 

19 

34 

17 

6 

111 

174 

4-17 

7 

4 

8 

28 

18 

18 

14 

11 

101 

17-6 

3-94 

8 

5 

16 

24 

24 

13 

9 

8 

99 

17-2 

3  43 

9 

1 

17 

29 

19 

7 

6 

3 

82 

17-7 

416 

10 

5 

18 

23 

16 

6 

1 

3 

72 

17-3 

3*81 

11 

4 

18 

11 

12 

4 

5 

5 

59 

16-3 

3-23 

12 

7 

13 

14 

16 

4 

1 

5 

60 

17-6 

3-28 

13 

11 

28 

14 

9 

4 

4 

5 

75 

16-8 

3-76 

14 

9 

11 

13 

9 

8 

4 

7 

61 

17-6 

3-82 

15 

14 

13 

13 

10 

4 

3 

3 

60 

174 

4-21 

16 

11 

15 

9 

8 

2 

4 

— 

49 

17-2 

3  46 

17 

11 

7 

6 

6 

2 

4 

3 

39 

17-6 

5-22 

18 

5 

13 

8 

4 

4 

5 

2 

41 

17-2 

3-28 

19 

6 

7 

5 

2 

1 

3 

— 

24 

170 

4-66 

20 

4 

7 

5 

3 

2 

3 

1 

25 

17-0 

5-14 

21 

9 

3 

2 

1 

1 

1 

1 

18 

15-5 

3-37 

22 

5 

4 

2 

3 

2 

2 

1 

19 

17-9 

313 

23-34 

13 

9 

7 

1 

2 

1 

1 

34 

16-9 

3-58 

TABLE  LII 

The  Vitamin  B}  Content  of  Milk  from  Women  Producing  Limited  Quantities  of 

Milk * 


Group 

Stage  of 
lactation 

Number  of 
samples 

Mean  value 
([jig.  per  100  ml.) 

Standard 

deviation 

1 

6-12  weeks 

19 

11-0 

3-78 

2 

13-19  weeks 

10 

13-8 

3-43 

3 

20-26  weeks 

18 

16-8 

4- 18 

4 

27-34  weeks 

9 

18-3 

2-32 

Analysis  of  variance 


Sum  of 

Degrees  of 

Mean 

squares 

freedom 

square 

Between  groups  .... 
Within  groups  .... 

510-81 

726-55 

3 

52 

170-27 

13-97 

Total 

1237-36 

55 

*  These  women  were  either  giving 
milk  or  were  weaning  their  babies. 


their  babies  at  least  the  equivalent  of  two  feeds  as  cow’s 
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to  be  giving  the  equivalent  of  at  least  two  feeds  as  cow’s  milk,  or  was  weaning 
her  baby.  The  results  have  been  grouped  according  to  the  stage  of  actation, 
and  mean  values  and  standard  deviations  are  given  in  Table  LII.  They  show 
that  the  vitamin  B,  content  is  low  in  the  milk  of  women  whose  output 
is  low  at  the  beginning  of  lactation,  but  not  in  that  of  women  whose  yield  is 
diminishing  in  a  normal  fashion  at  the  end  of  lactation.  The  former,  constituting 
group  1,  were  unable,  for  reasons  unknown,  to  produce  sufficient  milk  for  their 
babies.  '  The  fact  that  they  had  not  given  up  completely  indicated  that  they 
were  anxious  to  feed  from  the  breast  and  they  may  well  have  been  worried 
because  they  had  not  been  entirely  successful.  Knott  et  al.  (1943)  and 
Roderuck  et  al.  (1945)  have  suggested  that  nervous  influences  may  play  a  part 
in  controlling  the  level  of  vitamin  B2  in  human  milk.  It  is  possible  that  anxiety 
may  have  been  responsible  for  the  low  vitamin  Bx  content  of  the  milk  of  mothers 
in  groups  1  and  2  but  that  this  factor  did  not  operate  in  groups  3  and  4  in 
which  the  reduction  in  milk  supply  was  taking  place  in  the  normal  way,  it 
being  the  usual  practice  in  this  country  to  start  weaning  a  baby  at  the  age  of 
five  or  six  months.  Alternatively,  the  low  values  in  groups  1  and  2  may  have 
been  related  to  the  low  vitamin  B!  content  of  milk  in  the  very  early  stages  of 
lactation  and  may  reflect  a  functional  immaturity  of  the  mammary  gland  of 
some  of  the  women  in  these  groups. 

It  seems  unlikely  that  the  failure  of  these  women  to  feed  their  babies 
satisfactorily  was  due  to  a  deficiency  of  vitamin  Bl  in  their  diet,  such  as  was 
observed  by  Clements  (1942)  and  Slater  and  Rial  (1942)  in  Australia,  unless 
their  requirements  were  abnormally  large,  since  the  level  of  consumption  of 
this  factor  in  the  United  Kingdom  was  relatively  high  (see  p.  102). 

It  was  observed  also  by  Knott  et  al.  (1943)  that  the  vitamin  Bj  content  was 
low  in  the  milk  of  mothers  who  were  having  difficulty  in  feeding  their  babies 
but  they  found  that  it  was  low  also  in  two  cases  in  which  the  baby  was  being 
weaned.  Roderuck  et  al.  (1945)  found  that  “  neither  the  volume  of  milk  per 
day  (200-1,100  c.c.)  nor  the  volume  per  expression  (50-450  c.c.)  could  be  related 
to  the  concentration  ”  of  vitamin  Bx  in  milk.  The  women  whose  milk  was 
examined  by  Roderuck  et  al.  were  multiparae  who  were  said  to  be  “  adequate 
nursers  ”. 


THE  INFLUENCE  OF  THE  MOTHER’S  AGE  AND  PARITY  ON  THE 
VITAMIN  Bx  CONTENT  OF  MILK 

The  values  for  the  vitamin  B1  content  of  samples  of  full  lactation  milk  have 
been  arranged  according  to  the  age  of  the  mother.  This  has  been  done  for  each 
year  for  both  Reading  and  Shoreditch  (Table  LIII).  There  appears  to  be  no 
consistent  variation  with  age  for  mothers  between  20  and  44  years  ;  of  mothers 
under  -0  there  were  not  enough  to  warrant  the  drawing  of  any  conclusion. 

he  values  have  been  arranged  also  according  to  parity  (Table  LIV)  In 
Reading  m  1941-42 .the  results  obtained  for  the  milk  of  pdmiparae  were 
appreciably  higher  than  those  for  multiparae.  In  the  three  succeed  Zt 
both  at  Reading  and  Shoreditch  the  position  was  reversed  and  the  results  for 

are  however, 

early  lactation  has  shown  th,t  . hi  h  v  d’  "  examinatl°"  of  milk  in 
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inclusive  for  Paddington  Hospital  samples  are  shown  in  Table  LV.  If  nervous 
influences  do  in  fact  play  a  part  in  determining  the  level  of  vitamin  Bx  in  milk, 
it  is  possible  that  they  may  have  been  responsible  for  these  lower  levels  in 
primiparae,  but  a  more  rapid  functional  maturation  of  the  mammary  gland 
of  multiparae  is  a  more  likely  explanation,  and  it  is  of  interest  that  Lowenfeld 
and  Widdows  (1928),  using  as  criteria  the  contents  of  lactose,  fat  and  protein, 
found  that  the  colostrum  stage  was  shorter  in  multiparae  than  in  primiparae. 

Imminent  danger  to  themselves  and  their  families  in  London  air  raids  was 
another  cause  of  anxiety  to  some  of  the  mothers  in  our  series.  We  have  been 
unable  to  obtain  very  much  information  regarding  the  influence  of  this  form 
of  anxiety  on  the  vitamin  Bx  content  of  milk  since,  during  periods  of  heavy  attack, 
as  in  1944,  it  was  difficult  to  obtain  samples  at  all.  The  little  evidence  that  we 
have  suggests  that  the  vitamin  Bx  content  of  samples  taken  the  morning  after 
an  air  raid  was  no  lower  than  at  other  times.  It  is  perhaps  noteworthy  that 
samples  obtained  at  Shoreditch  during  attacks  with  flying  bombs  and  rockets 
contained  about  as  much  vitamin  Bj  as  previous  samples  (cf.  Table  LIX,  p.  97). 


THE  EFFECT  OF  THE  ADMINISTRATION  OF  VITAMIN  Bx  ON  THE 

VITAMIN  Bx  CONTENT  OF  MILK 

Several  workers  have  given  vitamin  Bx  to  mothers  by  mouth  or  injection  in 
order  to  raise  the  vitamin  Bx  content  of  the  milk.  Donelson  and  Macy  (1934), 
who  used  the  rat-growth  method  for  the  estimation  of  vitamin  Bx,  found  it 
impossible  to  raise  the  vitamin  Bx  content  of  milk  from  a  value  of  0-1  Chase- 
Sherman  unit  per  ml.  by  giving  10  g.  dried  yeast  daily  to  mothers.  (Roderuck 
et  al.  (1945)  have  interpreted  0- 1  Chase-Sherman  unit  per  ml.  as  being  equiva- 
*  lent  to  16  *6  /tg.  per  100  ml.)  Morgan  and  Haynes  (1939),  who  also  used  the  rat- 
growth  technique,  succeeded  in  raising  the  vitamin  Bx  content  of  the  milk  of  one 
mother  from  11  to  20 //g.  per  100  ml.  by  giving  her  5  mg.  of  crystalline 
vitamin  Bx  daily  for  one  month,  and  administration  of  14-2  mg.  daily  for  a 
further  month  raised  the  level  to  25  ng.  per  100  ml.  The  milk  of  another 


TABLE  LV 

Comparison  of  the  Vitamin  Bx  Content  of  Early  Lactation  Milk  of  Primiparae 

and  Multiparae 

(Samples  from  the  maternity  wards  of  Paddington  L.C.C.  Hospital  6th  January 

to  1th  July ,  1943) 


Day  of 
lactation 


4 

5 

6 

7 

8 
9 

10 


Primiparae 


Number  of 
samples 

Mean  value 
(fAg.  per  1 00  ml.) 

18 

4-1 

14 

40 

17 

5-4 

15 

5-9 

9 

6-8 

20 

7-3 

8 

7-8 

Multiparae 


Standard  Number  of 
deviation  samples 


1-60 

0-92 

1- 33 
0-96 

2- 87 
2-89 
2-35 


11 

15 

15 

17 

II 

15 

7 


Mean  value 
(pi g.  per  100  ml.) 


4-3 

4- 8 

5- 3 
7-1 

7- 9 

8- 4 

9- 9 


Standard 

deviation 


103 

1- 37 

2- 17 
1-82 
2-53 
207 
2-50 
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woman,  whose  diet  was  better,  contained  32  per  100  ^ 
level  was  not  exceeded  when  vitamin  B,  was  gtven  Morgan  anc 1  Haynes  con 
eluded  that  there  is  a  maximum  level  between  25  and  32 /ig.  per  1 00  m  .  y 
which  it  is  impossible  to  increase  the  vitamin  Bx  content  of  milk  by  administering 
the  vitamin.  As  Slater  and  Rial  (1942)  have  pointed  out,  the  discrepancy 
between  these  findings  of  Donelson  and  Macy  and  of  Morgan  and  Haynes 
can  be  explained  by  the  fact  that  10  g.  dried  yeast  contain  only  about  0-3  mg. 
vitamin  Bx,  which  is  only  a  small  fraction  of  the  amount  given  by  Morgan  and 
Haynes  and  would  not  increase  the  daily  intake  in  the  experiment  of  Donelson 
and  Macy  by  more  than  30  per  cent,  at  the  most. 

Slater  and  Rial  (1942),  using  the  thiochrome  method,  found  that  both  free 
and  combined  vitamin  Bx  in  milk  were  increased  by  doses  of  vitamin  Bx.  They 
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Fig.  9.  The  content  of  combined  vitamin  Bx  in  early  lactation  milk 


supported  the  findings  of  Morgan  and  Haynes  on  the  existence  of  a  ceiling 
level  for  vitamin  B,  in  milk,  but  considered  it  to  be  somewhat  lower,  abou 

20  fj.%.  per  100  ml.  . 

We  also  found  that  the  administration  of  vitamin  B*  to  women  in  early 
and  full  lactation  was  followed  by  an  increase  in  the  vitamin  B,  content  of 

their  milk. 


Mothers  in  one  of  the  maternity  wards  at  Paddington  Hospital  were  given 
Is’S’&K  daily  from  thereof 

diet*  irT  another  wart  of  theTos|?al  provided  samples  ^  co^arkon.  ^  The 

reh,UltS’ dShbvWKnottrt,Caa/^  (1943) for  three  mother;  during  the  first  nine  days 
Sin  These  authors  used  the  fermentation  method  and  so  estimated 
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only  the  total  vitamin  B,.  As  will  be  seen  from  Figs.  9  and  10,  the  increase 
in  the  vitamin  B,  content  occurred  in  both  the  free  and  phosphorylated  fraction 
but  was  greater  in  the  former. 


Full  Lactation 

Our  results  are  shown  in  Table  LVI.  We  agree  with  other  workers  that  it  is 
very  difficult  to  exceed  certain  maximum  levels  of  vitamin  B2  in  milk  and  we 
consider  that  these  may  vary  from  about  20  to  about  35  ng.  per  100  ml.  in 
different  individuals.  We  also  found  that  the  type  of  the  response  varied  in 
different  women.  With  some,  the  vitamin  Bj  content  of  the  milk  rose  rapidly 
and  then  fell  off  slightly  with  continued  dosing,  whereas  with  others  it  rose 
slowly  and  the  highest  recorded  values  were  found  in  the  3rd  and  4th  weeks 
of  administration.  In  only  one  instance  (No.  265)  was  there  no  response 
whatever.  This  mother  was  giving  her  baby  large  supplements  of  cow’s  milk 
when  the  experiment  was  started,  and  when  the  third  sample  was  taken  she  had 
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TABLE  LVI 

The  Vitamin  5,  Content  of  Milk  from  the  4th  Week  oj  Lactation  Onwards  before 
and  during  the  Administration  to  Mothers  of  9  mg.  Vitamin  5,  Daily 

(In  3  tablets  each  containing  3  mg.  crystalline  vitamin 


Mother's 

number 


265* 

266 

267 

269 

270 

271 
284 

290 

292 

295 

296 

297 
299 
309 


Week  of 
lactation 
in  which 
initial 
sample 
was  taken 


16 

5 
4 
4 

7 

6 
11 

8 

18 

6 

13 

4 

7 

18 


Vitamin  Bl  content  (p.g.  per  100  ml.) 


Initial  sample 
( before  dosing ) 


■6 

•9 


150 
190 
15- 
19- 
250 
15  6 
19-4 

190 

19-4 

190 

17-4 

15-3 

17-7 

17-3 


Samples  taken  during  dosing 


Is/  week 


14- 

27' 

16' 

24- 


230 

19-7 


22-4 


23 -OJ 
26-4+ 
25-8 


2nd  week 


3rd  week 


24- 4 
220 

25- 4 
27-1 


17  *  6§ 


4th  week 


230 

24-7f 

29-8 

33-8 

27-5 


*  Milk  supply  rapidly  diminishing. 

■j-  18  mg.  vitamin  Bx  daily  taken  for  the  last  4  days. 
+  18  mg.  vitamin  Bx  daily. 

§  No  vitamin  Bj  taken  for  the  last  5  days. 


verv  little  breast  milk  left.  This  finding  is  of  interest  with  regard  to  the  relation 
of  the  vitamin  B,  content  of  milk  to  milk  yield,  discussed  in  an  earlier  section. 
With  this  one  exception  all  the  women  who  took  part  in  this  experiment  were 
fully  breast  feeding  their  infants.  With  another  woman  (No.  270)  only  a  very 
small  response  was  obtained  after  giving  vitamin  B„  but  we  believe  that  the 
le™el  of  vitamin  B,  in  her  milk  (25  „g.  per  100  ml.)  was  very  nearly  at  its  maximum 
whon  the  experiment  started.  In  another  case  (No.  297),  in  which  the  vitamin 
B^content  of  the  milk  was  measured  five  days  after  dosing  had  been  discontinued, 

the  level  had  fallen  from  21-1  to  17-6, .g.  per  100  ml 

Table  LVII  shows  the  effect  of  the  administration  of  vitamin  B,  on  the  tree 
and  combined  forms  of  the  vitamin  in  the  milk  of  some  of  these  women.  The 
i  lcrofdv  in  the  free  fraction  and  the  amount  of  combined 
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THE  VITAMIN  Bl  CONTENT  OF  FULL  LACTATION  MILK  STUDIED  IN 

1941-45 

Measurements  of  the  vitamin  B,  content  of  1,149  samples  of  full  lactation 
milk  defined  as  that  secreted  more  than  four  weeks  post  partum,  were  mad 
between  July,  1941  and  March,  1945.  Quarterly  and  yearly  mean  values 
have  been  calculated  and  are  given  in  Tables  LVIII  and  LIX.  For  convenience 
we  have  considered  yearly  periods  as  extending  from  April  until  the  following 
March.  This  gives  for  Reading  three  complete  years,  1 942-45,  and  three-quarters 
of  the  preceding  year.  For  Shoreditch  the  three  years  1942-45  are  not  quite 
complete,  as  there  was  a  gap  in  1944  which,  as  already  explained,  was  duetto 
air  raids. 

There  was  no  consistent  difference  between  Reading  and  Shoreditch,  but 
during  the  whole  period  the  vitamin  B!  content  of  milk  increased  in  both  places. 
Analyses  of  variance  given  in  Table  LIX  show  that  it  is  highly  improbable 
that  the  differences  observed  at  either  place  could  have  been  due  to  chance 
errors  of  sampling.  There  are  two  other  possibilities,  either  that  these  increases 
are  artifacts  due  to  alteration  in  the  technique  of  measuring  vitamin  B1?  or  else 
that  they  represent  a  true  change  in  the  vitamin  Bj  content  of  the  milk  of 
mothers  in  this  country  between  1941  and  1945. 

TABLE  L VII 

Partition  of  Free  and  Combined  Vitamin  BY  in  Milk  during  the  Administration 
to  Mothers  of  9  mg.  of  Vitamin  Bl  Daily 
(In  3  tablets  each  containing  3  mg.  crystalline  vitamin  B^)* 


Vitamin  Bx  content  (y.g.  per  100  ml.) 


Mother's 

number 


292 


295 


309 


290 


296 


Form  of 
vitamin  B1 


f  Free 
Combined 

l 


fFree 

•{  Combined 
[Total 

fFree 

Combined 

[Total 

fFree 

Combined 

[Total 


Initial 

sample 

(before 

dosing) 


6-6 

12-8 

19-4 

3-6 

15-4 

190 


4 

12 

17 


4-6 
14-4 
19  0 

4-4 

130 

17-4 


Samples  taken  during  dosing 


*  For  further  details  see  Table  LVI. 


ltf  week 

2nd  week 

3rd  week 

4th  week 

220 

210 

24-4 

7-9 

7-7 

— 

5-5 

29-9 

28-8 

— 

29-8 

_ 

10-61 

12-3  J 

16-  3 

— 

— 

17-21 

18-6  I 

17-5 

— 

— 

27-81 

31-9  J 

33-8 

— 

17-3 

17-3 

8-5 

15-9 

25-8 

33-2 

— 

— 

7-9 

14-5 

_ 

22-4 

— 

— 

24-7 

— 

9-0 

11-6 

6-4 

15-9 

— 

16-31 

24-8/ 

27-5 
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THE  CONSTITUENTS  OF  MILK 

TABLE  LIX 

Yearly  Variations  in  the  Vitamin  B,  Content  of  Milk  in  Reading  and  Shoreditch 

in  the  Years  1941-45 

{All  results  as  pg.  per  100  ml.) 


Reading 

Shoreditch 

Total 

Number 

of 

samples 

Mean 

Standard 

Number 

of 

Mean 

Standard 

Number 

of 

Mean 

Standard 

Year 

value 

deviation 

samples 

value 

deviation 

samples 

value 

deviation 

1941-42 

130 

14-7 

3-18 

• 

130 

14-7 

3-18 

1942-43 

221 

16-1 

2-99 

142 

160 

3-33 

363 

160 

3-15 

1943-44 

248 

181 

3-81 

113 

19-3 

4-31 

361 

18-5 

3-53 

1944-45 

191 

18-3 

3-43 

104 

18-3 

2-89 

295 

18-3 

3-30 

Analysis  of  variance 


• 

Reading 

Shoreditch 

Sum  of 

Degrees  of 

Mean 

Sum  of 

Degrees  of 

Mean 

squares 

freedom 

square 

squares 

freedom 

square 

Between  years  . 

1,530 

3 

51004 

772 

2 

386-0 

Within  years  . 

’  7,541 

786 

9-59 

4,501 

356 

12-64 

Total 

9,071 

789  / 

5,273 

358 

As  we  have  said,  we  are  not  altogether  satisfied  with  the  thiochrome  method 
but  we  endeavoured  to  control  as  far  as  possible  the  conditions  in  which  it  was 
used  and  to  keep  them  constant  throughout.  Any  change  which  might  have 
occurred  in  the  fluorimeter  during  four  years  was  corrected  by  standardizing 
the  instrument  with  pure  vitamin  Bj  and  by  making  control  readings  with  a 
fluorspar  block  and  later  with  a  quinine  solution.  We  are  confident  that  the 
differences  observed  cannot  be  ascribed  to  changes  in  procedure  but  that  a 
true  increase  in  the  vitamin  Bj  content  of  milk  occurred  during  this  period. 

The  most  obvious  reason  for  this  is  an  increase  in  the  vitamin  B,  content  of 
the  diet. 


The  amounts  of  vitamin  Bx  available  for  civilian  consumption  in  the  United 
Kingdom  in  the  years  1940-44  are  given  in  Food  Consumption  Levels ,  published 

nodi/ MPe™  J°K1Dt  Committee  Set  UP  by  the  Combined  Food  Board 
(1944a  b).  Though  amounts  available  for  consumption  differed  from  amounts 

^  consumed,  both  followed  the  same  general  trend  and  there  is  no  doubt 

1941  and  1945n  Th"^  *  SeCti?“of  the  Population  increased  between 
941  and  1945.  The  figures  given  in  Food  Consumption  Levels  are  shown 

graphically  in  Fig.  11  together  with  the  yearly  mean  values  for  the  vit-imin  r 

sr rat*  -  ?  « 

increasing  level  of  the  ^ 

(87978) 
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Food  Consumption  Levels  gives  figures  also  for  the  amounts  of  vitamin 
available  from  different  foodstuffs.  Those  for  meat,  potatoes  and  grain  products 
are  shown  in  Fig.  11.  Milk  products  have  not  been  included  because  the 
special  allowance  of  cow’s  milk  for  nursing  mothers  remained  constant  during 
the  course  of  our  investigation.  There  was  a  slight  increase  in  the  amount  of 
vitamin  Bi  derived  from  potatoes,  but  the  greater  part  of  the  addition  came  from 
grain  products.  In  1941  the  flour  generally  used  for  bread  and  other  wheat 
products  was  of  75  per  cent,  extraction.  In  March,  1941,  National  Wheatmeal 
bread  made  with  85  per  cent,  extraction  flour  was  placed  on  the  market  but  its 
consumption  at  this  time  never  exceeded  9  per  cent,  of  that  of  the  total  bread. 
Between  July,  1941,  and  March,  1942,  the  vitamin  Bj  content  of  milk  rose  in 
Reading  from  14-4  to  15*2  //g.  per  100  ml.  This  small  increase  was  probably  due 
to  the  increased  consumption  of  bread  and  potatoes  resulting  from  the  shortage  of 
other  foodstuffs.  Finally,  the  milling  of  white  flour  was  prohibited  and  from 
6th  April,  1942,  National  Wheatmeal  was  the  only  available  bread.  This 
change  was  followed  by  a  steady  increase  in  the  vitamin  Bj  content  of  milk, 
although  there  was  a  slight  drop,  which  we  are  unable  to  explain,  at  Reading, 
in  the  third  quarter  of  1943.  The  extraction  rate  for  flour  was  continued  at 
85  per  cent,  until  the  latter  part  of  1944,  and  during  this  time  small  amounts  of 


99 


THE  CONSTITUENT'S!  lOF  MILK 

barley,  oats,  and  rye  were  included  also.  The  percentage  extraction  was 
reduced  to  82-5  in  the  last  quarter  of  1944  and  to  80  at  the  beginning  of  1945 
The  vitamin  B,  content  of  milk  began  to  show  a  slight  downward  trend  in  1944 
and  the  level  in  the  first  quarter  of  1945  was  lower  than  for  some  considerable 
time  previously.  Variations  in  the  vitamin  Bj  content  of  flour  caused  by  changes 
in  the  extraction  rate  are  shown  in  Table  LVIII. 

These  results  suggest  that  the  vitamin  Bj  content  of  milk  might  be  a  useful 
index  of  the  state  of  nutrition  of  the  population  with  regard  to  this  factor, 
provided  of  course  that  the  lactating  women  did  not  receive  more  vitamin  Bj 
than  other  members  of  the  community.  In  the  present  investigation  cow’s  milk 
was  the  only  food  relatively  rich  in  vitamin  Bj  of  which  lactating  women 
consumed  more  than  other  people.  On  the  assumption  that  the  extra  amount 
of  milk  consumed  was  1  pint,  about  0-2  mg.  of  vitamin  Bj  would  be  provided 
in  excess  of  that  available  to  other  women  (see  Fig.  1 1).  Men  probably  obtained 
more  vitamin  Bx  than  women,  as  they  normally  ate  more  bread  and  potatoes, 
both  of  which  were  unrationed. 

It  was  of  interest  to  inquire  whether  a  similar  increase  occurred  in  the 
vitamin  Bj  content  of  early  lactation  milk  but,  on  account  of  the  constant 
changes  in  the  level  of  vitamin  Bx  which  take  place  at  this  stage  of  lactation,  it  is 
difficult  to  make  a  valid  comparison.  However,  it  is  worthy  of  note  that 
11  samples,  obtained  on  the  11th,  12th  and  13th  days  of  lactation  in  1941  and 
early  1942  from  11  Reading  mothers,  had  a  mean  vitamin  Bj  content  of  5-2  //g. 
per  100  ml.,  whereas  20  samples  obtained  in  1943  from  20  Paddington  mothers  at 
the  same  stage  of  lactation  had  a  mean  vitamin  Bj  content  of  9-7  /ug.  per  100  ml. 
Over  the  same  period  the  value  for  full  lactation  milk  in  Reading  had  increased 
from  14-7  to  16-7  and  was  17-4  /ug.  per  100  ml.  for  Shoreditch  milk  in  the  first 
half  of  1943.  As  no  consistent  difference  was  found  between  samples  from 
Reading  and  from  Shoreditch,  it  seems  justifiable  to  make  this  rough  comparison 
between  early  lactation  samples  from  Reading  and  from  Paddington  in  support  of 
our  findings  with  full  lactation  milk. 

The  gradual  rise  in  the  vitamin  Bx  content  of  milk  after  the  sudden  increase 
in  the  vitamin  Bj  content  of  the  diet,  due  to  the  change  in  rate  of  extraction 
o  flour,  indicates  that,  as  with  vitamin  C  (p.  131),  the  previous  dietary  history 
of  the  mother  is  of  importance  in  determining  the  level  of  the  vitamin  in  the 
milk.  With  vitamin  Bl5  however,  the  effects  of  changes  in  intake  seem  to 
become  effective  more  slowly— consequently  a  longer  period  of  dietary  history 


RESULTS  OF  OTHER  WORKERS  AND  CONCLUSIONS 

r^b  rcrt 
^ th; future 

levels  of  vitamin  B,  in  milk  are  the  “age  of  £»ttT dejermininS 
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of  the  women  is  immaterial  but  possibly  some  attention  should  be  paid  to 
the  proportions  of  primiparae  and  multiparae  among  them.  Random  samp  ing 
should  keep  the  proportion  sufficiently  constant.  Results  for  the  milk  ot 
primiparae  of  one  population  should  clearly  not  be  compared  with  those  of 
multiparae  of  another  population.  We  do  not  think  that  variation  in  the  time 
of  day  at  which  the  sample  is  taken  should  give  rise  to  any  systematic  error  but 
it  is  usually  more  convenient  to  keep  this  factor  constant. 

It  is  of  interest  to  compare  the  present  results  with  some  of  those  obtained 
previously  by  other  workers.  These  are  set  out  in  Table  LX  ;  only  results  for 
full  lactation  milk  have  been  included.  Values  obtained  by  the  rat-growth 
method  (Donelson  and  Macy,  1934  ;  Morgan  and  Haynes,  1939)  are  chiefly 
of  historical  interest,  as  this  method  cannot  be  expected  to  show  the  relatively 
small  differences  caused  by  normal  variations  in  vitamin  Bj  intake.  The  results 
obtained  by  Sundararajan  (1941)  are  probably  too  high,  since  he  treated  his 
milk  samples  with  pepsin,  though  under  somewhat  less  drastic  conditions  than 
those  which  we  have  described  (p.  78).  It  is  very  surprising  that  his  results 
for  the  vitamin  Bj  content  of  milk  from  mothers  with  beri-beri  should  differ  so 
little  from  those  which  he  found  for  normal  mothers,  but  possibly  such  milk 
contains  substances,  absent  from  the  full  lactation  milk  of  normal  women,  which 
increase  the  artifact  produced  when  pepsin  is  used.  It  is  perhaps  of  interest  in 
this  connexion  that  in  Experiment  3,  Table  XLVII  (p.  82)  we  found  that  two 
samples  of  early  lactation  milk,  which  contained  only  about  5  /ug.  vitamin  Bi 
per  100  ml.  when  measured  in  the  usual  way,  gave  results  equivalent  to  22  /ug. 
per  100  ml.  when  treatment  with  pepsin  was  included  in  the  procedure.  Thus  a 
large  artifact  was  associated  with  a  low  vitamin  Bj  content.  The  milk  of  normal 
mothers  examined  by  Slater  and  Rial  (1942)  contained  on  the  average  12-7  ng. 
per  100  ml.  Dr.  Slater  (private  communication)  has  pointed  out  to  us  that  this 
figure  is  based  on  results  including  a  high  proportion  of  samples  taken  between 
the  5th  and  10th  week  of  lactation,  which  in  his  experience  contain  less 
vitamin  B1  than  samples  collected  from  the  11th  week  onward  (cf.  p.  85).  That 
for  “  abnormal  ”  mothers  was  less,  but  this  value  is  not  included  in  Table  LX, 
as  not  all  the  women  were  fully  breast  feeding.  The  level  to  which  these  workers 
were  able  to  raise  the  vitamin  B,  content  of  milk  by  administration  of  vitamin  B, 
was  lower  than  that  found  by  others.  The  highest  values  recorded  are  those 
“Knott  et  aL  0943)’  who>  using  the  fermentation  method,  obtained  an  average 
of  -0- 1  fjg.  per  100  ml.  Insufficient  estimations  of  vitamin  Bx  have  been  carried 
out  on  identical  samples  of  milk  to  establish  how  far  the  two  methods  are 
comparable  The  results  of  Roderuck  et  aL  (1945)  are  very  similar  to  those 
which  we  obtained  before  the  extraction  rate  of  flour  was  increased. 

We  have  not  felt  justified  in  calculating  one  overall  mean  because  of  the 
continual  changes  in  the  vitamin  B,  level  in  the  milk  during  our  investigation 
but  a  comparison  of  our  results  with  those  of  other  workers  can  be  mfde  bv 
using  the  yearly  means  shown  in  Table  LIX.  If  result 

seem^thaT  ffiTetlt°d  .*n  dd^erent  laboratories  are  at  all  comparable,  it^offid 

United  StaterrdTghest'inffii  “  A“’  hlgher  in  the 

1944-45  (Table  LX).  d  K  ngdom’  especially  in  1943-14  and 

compared  ^Ah^stagTonacta'tion^s^'u1!!^  ^  b<= 

American  investigators  (Kendall,  1942 \  Knott  «° <°1943  ^and  £32™* 
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et  al.,  1945)  have  published  scatter  diagrams  of  their  results  for  the  total 
vitamin  B2  content  of  milk  during  the  first  10  days  erf  lactation.  We  have 
superimposed  our  results  obtained  for  Paddington  Hospital  samples  in  1943 
on  their  diagrams  and  the  values  for  our  samples  were  clearly  at  a  higher  level 
than  for  those  of  any  of  the  three  groups  of  American  workers.  If  these 
comparisons  are  valid  they  confirm  the  impression,  obtained  with  full  lactation 
milk,  that  the  vitamin  B1  content  was  somewhat  higher  in  the  United  Kingdom 
than  in  the  United  States. 

According  to  Food  Consumption  Levels  the  amount  of  vitamin  Bj  available 
for  consumption  during  the  war  was  slightly  greater  in  the  United  States  than 
in  the  United  Kingdom,  but  waste  and  inequalities  of  distribution  were  less  in 
this  country.  Nevertheless,  it  is  surprising  that  the  results  of  Roderuck  et  al., 
presumably  obtained  during  1944,  were  so  much  lower  than  ours.  Their 
procedure  was  to  give  a  diet  of  known  composition  to  women  for  periods  of 
five  days  and  to  estimate  the  vitamin  Bx  content  of  the  milk  during  these  periods. 
No  details  are  given  of  the  diet  consumed  in  the  intervals.  We  do  not  believe 
that  in  such  a  short  period  a  state  of  equilibrium  would  be  reached  between  the 
dietary  intake  of  vitamin  Bx  and  the  level  in  the  milk,  and  we  cannot,  in 
consequence,  consider  their  result  of  14-8  fig.  per  100  ml.  as  necessarily 
representative  of  a  vitamin  B1  intake  of  1-23  mg.  daily,  quoted  by  Kaucher, 
Moyer,  Richards,  Williams,  Wertz  and  Macy  (1945). 

We  have  included  in  Table  LX  information  given  by  investigators  about 
the  daily  intake  of  vitamin  Bx  of  the  women  whose  milk  they  examined. 
The  values  given  by  Morgan  and  Haynes  (1939)  and  by  Knott  et  al.  (1943) 
were  calculated  from  tables.  As  pointed  out  in  Food  Consumption  Levels, 
values  for  the  vitamin  Bx  content  of  individual  samples  of  the  same  foodstuff 
vary  widely  and  many  of  those  commonly  accepted  in  the  United  States  differ 
from  those  used  in  the  United  Kingdom.  Tabulated  values  do  not  usually  take 
into  account  waste  in  preparation  or  destruction  in  cooking — factors  so 
variable  that  it  is  difficult  to  assess  them.  Thus  Kaucher  et  al.  (1945)  report  that 
the  amount  of  vitamin  Bj  found  in  the  diet  of  the  mothers  whose  milk  was  studied 
by  Roderuck  et  al.  (1945)  was  lower  than  that  obtained  by  calculation  from  tables. 

Although  we  have  shown  that  changes  in  the  vitamin  Bx  content  of  the  diet 
of  lactating  women  are  followed  by  changes  in  the  vitamin  B,  content  of  their 
milk  we  cannot  exactly  define  the  relationship  in  terms  of  quantities.  It  is 
very ’difficult  to  maintain  lactating  women  for  any  length  of  time  on  a  diet 
containing  a  constant  known  amount  of  this  factor,  so  that  precise  informa  ion 
is  hard  to  obtain.  We  can  only  say  that,  as  far  as  the  techniques  of  estima  ion 
used  in  different  laboratories  permit  a  comparison  to  be  made,  the  leve  o 
18  to  20  /*g  vitamin  Bx  per  100  ml.  milk,  found  during  the  Jatterpartofour 
investigation,  compares  very  favourably  with  those  found  in  the  United  States 
and  Australia  and  suggests  that,  for  this  particular  factor,  the  diet  of  the 
United  Kingdom  in  wartime  was  as  good  as  that  of  countries  generally 
^onsSered  to  be  among  the  best  fed  in  the  world.  Although  we  do  not  know 
how  much  vitamin  B.was  on  the  average  consumed  by  tout  mg  women  m 
Britain,  we  are  certain  that  it  was  considerably  tess  than  the  2  0  mg^  y 
recommended  by  the  U.S.A.  National  Research  Counc.l  (1943  1945). 

We  have  no.  presented  any 

of  lactating  women  and  we  do  not  wish  to  express  any  f - - 


*  See  Note  on  p.  172. 
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adequacy  of  the  estimate  we  have  just  mentioned.  It  is  worthy  of  note,  however, 
that  the  proportion  of  the  vitamin  Bx  consumed  that  is  secreted  into  the  milK 
is  of  the  order  of  10  per  cent.,  and  is  probably  less  with  higher  levels  of  intake. 
This  cannot  be  considered  a  great  drain  on  the  resources  of  the  mother.  She 
will  require  also  a  certain  amount  of  extra  vitamin  Bj  to  balance  her  increased 
intake  of  calories  but  further  than  this  little  is  known  at  present. 
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Less  is  known  about  riboflavin  in  human  milk  than  about  the  other  vitamins 
which  we  have  examined.  It  is  established  that  there  is  much  less  of  it  in  human 
milk  than  in  cow’s  milk  (Gyorgy,  1936-37  ;  Neuweiler,  1937  ;  Griebel,  1937) 
and  it  is  therefore  more  difficult  to  estimate  accurately.  Palmer  and  Cooledge 
(1914)  isolated  from  human  milk  a  small  quantity  of  lactochrome,  and  Feer 
(1916)  observed  a  greenish  colour  in  human  milk  after  the  mother  had  eaten 
liver.  Kayser  (1937)  and  Doxiades  (1937)  also  examined  the  milk  of  women  who 
had  eaten  liver  and  found  that  the  riboflavin  content,  as  judged  by  its  yellow 
fluorescence,  was  greatly  increased.  Miiller  (1937)  found  the  same  thing  after 
the  ingestion  of  riboflavin.  Donelson  and  Macy  (1934),  who  used  a  rat-growth 
method  of  estimation,  found  that  the  vitamin  G  (riboflavin)  content  of  milk 
was  increased  when  the  mother’s  diet  was  supplemented  with  yeast. 

Neuweiler  (1937)  was  the  first  to  obtain  quantitative  results  for  the  riboflavin 
content  of  human  milk  by  a  chemical  method,  his  vates  being  between 
16  and  52  ,ig.  per  100  ml.  More  recently  values  have  been  given  by  Auffret 
(1940),  Sundararajan  (1941),  Randoin  and  Raffy  (1942)  and  Roderuck,  Coryell, 
Williams  and  Macy  (1945). 

THE  ESTIMATION  OF  RIBOFLAVIN  IN  MILK 

Since  human  milk  contains  only  a  small  amount  of  riboflavin  the  amount 
of  interfering  fluorescent  substances  is  relatively  high  and  the  metnoo  o 
estimation  of  Emmerie  (1938)  for  cow’s  milk  cannot  be  used.  We  bavef 
that  the  butyl  alcohol  extraction  method  of  Na  jar  (  941)  is  fairly  satistaci  y 
and  this  has  been  used  throughout  our  investigation.  We  have  made  no  attempt 
to  distineuish  between  free  and  combined  riboflavin. 

The  procedure  of  Najjar  (1941)  with  a  few J^MtoSmTofTmixUe 

was  as  follows.  Five  ml.  mflk  were  mixed  in  a  dark  bottle  5  ■  ammonium 

of  3  parts  30  per  cent,  trichloroacetic  acid  and  2  parts  saturaie 
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sulphate  solution.  The  bottle  was  covered  with  a  narr°w-stemmed  ^nnel  to 
prevent  loss  by  evaporation  and  was  then  placed  in  water  at  100  C.  in  the  dark, 
where  it  remained  for  20  minutes  while  the  water  cooled.  At  the  end  of  this  time 
it  was  cooled  rapidly  in  running  water  and  the  precipitate  removed  by  filtration 
in  a  dark  cupboard.  Five  ml.  of  the  filtrate  were  placed  in  a  small  dark  bottle 
containing  1  ml.  glacial  acetic  acid  and  2  ml.  redistilled  pyridine  were  added, 
followed  after  mixing  by  3  drops  of  4  per  cent,  potassium  permanganate  solution. 
After  standing  for  1  minute,  3  drops  hydrogen  peroxide  (20  vol.  per  cent.)  were 
added.  The  bottle  was  then  placed  in  a  water  bath  at  37°  C.  and  after  a  few 
minutes  5  g.  anhydrous  sodium  sulphate  were  added.  This  caused  the  pyridine 
to  separate  from  the  aqueous  phase.  Ten  ml.  redistilled  /i-butyl  alcohol  were  then 
added  and  the  bottle  was  stoppered  and  shaken  well.  It  was  then  returned  to 
the  bath  and  allowed  to  remain  there  until  the  supernatant  layer  became  quite 
clear.  Ten  ml.  of  this  were  used  for  reading  in  the  fluorimeter  (see  p.  75)  with 
a  yellow  screen  (Ilford  No.  12)  in  front  of  the  photocell.  The  fluorimeter  was 
standardized  with  pure  riboflavin  added  to  milk.  A  “  blank  ”  test  with  distilled 
water  in  place  of  milk  was  done  with  each  set  of  estimations.  In  a  few  cases, 
“  blanks  ”  obtained  by  destruction  of  the  riboflavin  with  ultra-violet  light  were 
used.  Substantially  the  same  results  were  obtained  as  with  the  reagent  “  blank  ”. 


SAMPLING  ERRORS  IN  THE  ESTIMATION  OF  RIBOFLAVIN  IN  MILK 

During  1942-43  we  observed  that  the  riboflavin  content  of  milk  samples  was 
much  lower  from  Shoreditch  than  from  Reading.  It  was  at  first  thought  that 
this  might  be  due  to  a  lower  dietary  intake  of  riboflavin  at  Shoreditch  but  we 


TABLE  LXI 


The  Effect  of  the  Time  of  Sampling  on  the  Riboflavin  Content  of  Milk 


Reading 

Shoreditch 

Time  of  sampling 

Number 

of 

samples 

Mean 
value 
(p.g.  per 
100  ml.) 

Standard 

deviation 

Number 

of 

samples 

Mean 
value 
(pg.  per 
100  ml.) 

Standard 

deviation 

(a)  Last  feed  before  mid¬ 
night.  Sample  taken 
during  morning 

( b )  Last  feed  between 

38’ 

20-5 

4-81 

93 

19-8 

510 

midnight  and  6.0  a.m. 
Sample  taken  during 
morning  . 

(c)  Last  feed  between 

57 

24-6 

6-61 

16 

20-8 

3-92 

6.0  a.m.  and  7.0  a.m. 
Sample  taken  during 
morning  . 

(d)  Last  feed  between 

616 

25-5 

702 

136 

23-4 

5-94 

7.0  a.m.  and  9.0  a.m. 
Sample  taken  more 
than  1  hour  later 
(e)  Last  feed  later  than 

53 

28-2 

6-46 

33 

23-7 

9-53 

9.0  a.m.  Sample  taken 
more  than  1  hour  later. 

12 

29-6 

902 

64 

25-5 

819 
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subsequently  found  another  explanation.  In  discussing  the  fat  content  of  milk 
we  showed  that  in  1942-43  many  Shoreditch  samples  were  obtained  during  the 
morning  from  women  who  had  not  fed  their  babies  since  10  o’clock  on  the 
previous  evening,  whereas  nearly  all  Reading  samples  were  obtained  from 
women  who  had  last  fed  their  babies  at  6.0  a.m.  on  the  same  morning  (see 
Table  IV,  p.  20).  A  comparison  of  “overnight”  with  “morning”  samples, 
both  from  Shoreditch,  showed  that  the  riboflavin  content  of  the  former  was 
definitely  lower.  All  our  results,  therefore,  were  arranged  according  to  the 
time  at  which  the  breast  used  for  sampling  was  last  given  to  the  baby  and 
it  is  evident  that  this  factor  has  a  marked  influence  on  the  riboflavin  content 
of  milk  (Table  LXI).  Petersen  and  Rigor  (1932-33),  and  Garrison  and 
Turner  (1936)  found  that,  as  milk  accumulates  in  the  mammary  gland  of  the 
cow,  the  rate  of  secretion  decreases  and  ceases  altogether  about  16  hours 
after  the  last  milking.  Milk  is  normally  withdrawn  more  frequently  from  the 
mammary  gland  of  women  than  of  cows  and  it  would  be  expected  that  in  the 
former  the  rate  of  secretion  would  diminish  more  rapidly,  and  that  by 
breakfast-time  secretion  in  a  gland  last  emptied  of  milk  at  10.0  p.m.  on  the 
previous  evening  would  have  stopped  entirely.  The  riboflavin  content  of 
milk  already  formed  but  still  in  the  cisterns  of  the  gland  would  be  little  affected 
by  the  riboflavin  taken  at  breakfast  and  would  differ  little,  if  at  all,  from  that  of 
milk  obtained  before  breakfast.  Since  the  rate  of  milk  secretion  is  maximal 
immediately  after  the  emptying  of  the  gland,  it  would  be  expected  that  the 
riboflavin  content  of  a  sample  of  milk  would  be  most  influenced  by  that  of  the 
food  when  the  baby  had  last  been  fed  immediately  before  the  mother’s  meal. 


25 


/ 

6 


-  MEAN  VALUES  for 

....  mean  values  for 


THE  MILK  OF  6  WOMEN 
THE  milk  OF  a  WOMEN 


GIVING  4-HOURLY  feeds 
GIVING  3 -HOURLY  FEEOS 


8PM  lO  P  M. 

6  AM  8  AM.  lO  A.M  12  AM.  2  PM. 

TIME  OF  DAY 

Fig.  12.  Diurnal  variations  in  the  riboflavin  content  of  milk 
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Table  LXI  shows  that  at  Reading  the  mean  riboflavin  content  of  the  milk 
of  53  women  who  had  last  fed  their  babies  between  7.0  and  9.0  a.m.  was  greater 
than  that  of  616  women  who  had  last  fed  their  babies  between  6.0  and  7.0  a.m. 
The  differences  observed  for  Shoreditch  samples  are  less  marked  than  those 
for  Reading.  It  is  possible  that  the  riboflavin  content  of  breakfasts  may  have 
been  lower  at  Shoreditch  than  at  Reading  (see  p.  118). 


VARIATIONS  IN  THE  RIBOFLAVIN  CONTENT  OF  THE  MILK  OF 

INDIVIDUAL  WOMEN 

The  riboflavin  content  of  milk  undergoes  marked  changes  during  the  day, 
almost  certainly  due  to  the  riboflavin  consumed  in  meals.  Fig.  12  and 
Table  LXII  show  the  results  obtained  for  the  milk  of  10  women,  of  whom 
four  were  feeding  their  babies  at  3-hourly  and  six  at  4-hourly,  intervals.  The 
results  were  similar  for  both  groups,  in  that  the  6.0  a.m.  sample,  obtained 
before  any  food  had  been  taken,  contained  significantly  less  riboflavin  than 
samples  obtained  during  the  rest  of  the  day,  all  of  which  were  apparently 
affected  by  meals.  These  variations  are  similar  to  those  found  by  Axelrod, 
Spies,  Elvehjem  and  Axelrod  (1941)  for  the  excretion  of  riboflavin  in  urine. 


TABLE  LXII 

The  Riboflavin  Content  of  Milk  throughout  the  Day 
(All  results  as  ng.  per  100  ml.) 


Mother's 

number 

Three-hourly  feeding 

Coefficient 

Mean  variation 

6.30  9.30  12.30  3.30  6.30  10.30 

a.m.  a.m.  p.m.  p.m.  p.m.  p.m. 

1 

2 

3 

4 

15  22  19  22  17  17 

J4  16  25  22  23  29 

23  —  18  17  15  18 

18  22  27  28  28  28 

16-7  15-3 

21 • 5  26-1 
(16-2)  13-5 
25-2  16-8 

Mean 

15  0  (20  0)  22-3  22-3  20-8  23  0 

Four-hourly  feeding 


Mother's  6.0 

number  a.m. 


10.0  2.0 
a.m  p.m. 


6.0  10.0 

p.m.  p.m. 


Mean 


Coefficient 

of 

variation 


5 

6 

7 

8 
9 

10 


Mean 


10 

17 

27 

24 

11 

15 

17-3 


13 

21 

30 

29 

21 

20 


17 

21 

31 

36 

25 

29 


27 
24 
32 
21 

28 


14 

25 

23 
19 

24 

26 


(13-5) 

22-2 

270 

280 

20-4 

23-6 


22-3  26-5 


(22  0) 


21-8 


20-6 

17-6 

131 

23-8 

27-2 

25-2 
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These  diurnal  variations  in  the  riboflavin  content  of  milk  lead  to  difficulties 
in  the  interpretation  of  results,  since  a  sample  taken  at  6.0  a.m.  will  obviously 
give  too  low  a  value,  whereas  a  sample  obtained  later  in  the  day  may  give  a 
too  high  result  if  a  meal  rich  in  riboflavin  has  recently  been  consumed  by  the 
mother. 

Owing  to  differences  in  methods  of  sampling  (p.  105)  we  are  unable  to  show 
the  variations  in  the  riboflavin  content  of  the  milk  of  the  same  women  in  three 
successive  weeks,  as  was  done  for  the  other  vitamins.  Results  for  two  samples 
taken  from  the  same  women  by  the  same  methods  at  approximately  weekly 
intervals  are  shown  in  Table  LXIII.  The  difference  in  riboflavin  content  between 
samples  from  the  same  woman  is  as  great  as  that  between  samples  from  different 
women.  This  confirms  our  impression  that  results  obtained  for  random 
morning  samples  give  very  little  information  about  the  riboflavin  nutrition  of 
a  woman. 

More  representative  results  may  be  obtained  if  all  the  milk  secreted  by  a 
woman  during  24  hours  is  collected  and  pooled  for  analysis,  but  even  then  there 
is  a  possibility  of  error  if  an  unusual  food  particularly  rich  in  riboflavin  is 
eaten.  Roderuck  et  al.  (1945)  found  that  the  consumption  of  liver  noticeably 
increased  the  riboflavin  content  of  24-hour  samples  of  milk.  As  we  have 


TABLE  LXIII 

The  Riboflavin  Content  of  2  Samples  of  Milk  from  the  Same  Women  Taken  at 

Approximately  One  Week's  Interval 


Mother's 

number 

Riboflavin  content 
(p.g.  per  100  ml.) 

Mean 

15/  week 

2nd  week 

266 

19 

19 

19 

276 

20 

25 

23 

292 

27 

16 

22 

295 

18 

25 

22 

297 

17 

20 

19 

528 

16 

30 

23 

546 

24 

45 

35 

569 

20 

25 

23 

Mean 

20 

26 

Analysis  of  variance 

Sum  of  Degrees  of  Mean 

squares  freedom  square 

Between  women 
Between  samples 
Error 

347  7  49-9 

121  1  121-0 

!  1,395  7  199-3 

Total 

1,863  15 
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explained  elsewhere  (p.  19),  24-hour  collections  of  milk  are  not  possible  in 
survey  work.  Roderuck  et  al.  compared  riboflavin  levels  in  single  feeds  with 
those  in  24-hour  milk  collections,  but  such  comparisons  are,  in  our  opinion, 
inadvisable.  Despite  these  difficulties,  values  for  the  riboflavin  content  of 
samples  obtained  from  large  groups  of  women  may  well  be  an  index  of  the 
general  level  of  riboflavin  intake  and  may  be  compared  with  other  similar  values. 


TABLE  LXI V 

The  Riboflavin  Content  of  Milk  in  Early  Lactation 
(Samples  from  Paddington  Hospital  taken  between  1.30  and  2.30  p.m.) 


Day  of 
lactation 

Number  of 
samples 

Mean  value 
(fxgh  per  100  ml.) 

Standard 

deviation 

2 

3 

18-3 

7-58 

3 

13 

25-5 

7-27 

4 

28 

27-7 

6-81 

5 

31 

27-2 

8-47 

6 

34 

28-1 

7-83 

7 

38 

29-6 

5-11 

8 

25 

27-1 

6-29 

9 

35 

300 

6-71 

10 

17 

35-5 

816 

11-17 

35 

28*6 

6-74 

THE  RIBOFLAVIN  CONTENT  OF  MILK  IN  EARLY  LACTATION 

Roderuck  et  al.  (1945)  estimated  the  riboflavin  content  of  milk  collected  during 
the  whole  24  hours  on  successive  days  from  a  small  group  of  women  and  found 
that  the  mean  daily  values  increased  rapidly  during  the  first  four  days  of 
lactation  and  then  very  slowly  to  the  10th  day. 

Mean  values  obtained  by  us  for  the  riboflavin  content  of  milk  samples  from 
Paddington  Hospital  are  given  in  Table  LXIV.  These  values  are  higher  than 

Table  LXI)  nrobablv  Samples  from  Readin§  and  Shoreditch 

•  t  /f?’  Pr°bably  because  they  were  taken  between  1.30  and  2  30  om 

instead  of  during  the  morning  (cf.  Table  LXII).  On  the  second  and  to  Yless 
subsequently6  but  thl  LaCtat'on  the  m.ean  values  were  lower  than  those  found 

these  authors  t aSate fpapt  *1^^“  SiTC"  ^ 

were  low  on  the 

milk  yield  was  still  verv  Wr  Ao  ...  ’  Ud>>  while  the 

higher  values  similar  to  those  for  fulMactat^1^  WES  fUlly  established 
examined  no  samples  taken  on  th^fi  .a  mllk  Were  obtained.  We 

and  it  is  likely  that  the  milk  flow  of  Mother  Padd'^t ?  °n  ‘he  SeCO"d  day’ 
established.  This  would  account  rn  ,  ,  Padd|ngton  women  was  well 

this  group.  It  should  be  noted  lhm  ,ieeinecSS  marked  diff— ce  observed  in 

ntilk  in  early  lactation  is  less  striking  than  witTvilan^  Bn0"™”  C°ntem  °f 
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TABLE  LXV 


The  Effect  of  the  Daily  Administration  of  9  mg.  Riboflavin  on  the  Riboflavin 

Content  of  Milk 


Mother's 

number 

Ribofla 

dn  (\ig.  per  100  ml.) 

Initial 

sample 

( before  dosing) 

Samples  taken  during  dosing 

5  th  day 

9th  day 

14  th  day 

319 

30 

75 

81 

320 

23 

64 

- 

72 

321 

31 

31 

_ 

22 

322 

21 

— 

103 

26* 

330 

16 

— 

30f 

250 

331 

31 

— 

118 

132 

333 

15 

— 

42 

3 1  § 

337 

22 

62 

— 

24+ 

338 

26 

27 

— 

22 

*  Little  riboflavin  taken  since  the  9th  day. 
t  Riboflavin  not  taken  yet. 

§  No  riboflavin  taken  on  the  10th,  1 1th  and  12th  days. 
.  X  No  riboflavin  taken  since  the  5th  day. 


THE  INFLUENCE  OF  THE  MOTHER’S  AGE  AND  PARITY  ON  THE 

RIBOFLAVIN  CONTENT  OF  MILK 

Results  for  the  riboflavin  content  of  milk  samples  taken  during  the  morning 
from  women  who  had  last  fed  their  babies  between  6.0  and  7.0  a.m.  were 
arranged  according  to  the  age  of  the  mother  and  according  to  her  parity.  No 
consistent  variations  were  found  with  either  of  these  factors  but  it  is  possible 
that  they  may  exert  some  influence  masked  by  variations  in  the  riboflavin 
content  of  the  food  consumed  before  a  sample  was  taken. 


THE  EFFECT  OF  THE  ADMINISTRATION  OF  RIBOFLAVIN  ON  THE 

RIBOFLAVIN  CONTENT  OF  MILK 

Full  Lactation 

The  diurnal  variations  in  the  riboflavin  content  of  milk  suggested  that  it  is 
easily  influenced  by  ingested  riboflavin.  This  was  confirmed  in  an  experiment 
in  which  nine  Shoreditch  women  were  given  tablets,  each  containing  3  mg. 
riboflavin,  and  instructed  to  take  3  tablets  daily.  The  results  in  Table  LXV  show 
marked  but  variable  increases  in  the  riboflavin  content  of  milk  samples  obtained 
on  the  5th,  9th  and  14th  day  of  administration,  as  compared  with  an  initial 
sample  obtained  before  the  dosing  began.  With  one  mother  the  increase  was 
fifteen-fold,  with  six  it  was  three-  to  five-fold,  and  with  two  there  was  no  increase 
at  all  The  results  obtained  for  mother  No.  322  suggested  that  the  infl 
of  ingested  riboflavin  was  transient  and  that  the  riboflavin  content  of  milk  soon 
returned  to  normal  when  dosing  was  stopped  No  reason  can  be  offered  for 
the  lack  of  response  shown  by  mother  No.  321,  but  we  cannot  y 

certain  that  the  tablets  were  taken.  For  mother  No.  338  there  is  the  alterna  ive 
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explanation,  that,  as  the  samples  obtained  on  the  5th  and  14th  days  were 
“  overnight  ”  samples,  they  may  have  been  influenced  less  than  morning  samples 
by  riboflavin  taken  during  the  day,  particularly  if  the  effect  of  the  dose  was  very 
transient. 

This  experiment  shows  that  the  effect  of  administration  of  riboflavin  on  its 
level  in  milk  is  much  more  marked  than  the  corresponding  effect  with 
vitamin  B15  and  for  riboflavin  there  is  no  evidence  of  a  maximum  level  in  human 
milk. 

That  the  rise  in  the  level  of  riboflavin  in  milk,  following  the  administration 
of  riboflavin,  is  in  fact  very  transient  is  shown  in  Fig.  13,  which  illustrates 
the  effect  that  doses  of  1  mg.  and  3  mg.  riboflavin  had  on  the  riboflavin  content 
of  one  woman’s  milk,  and  also  on  the  rate  of  excretion  of  the  vitamin  in  her  urine. 
The  maximum  riboflavin  content  of  milk  and  urine  was  found  in  samples  taken 
4  hours  after  the  dose  had  been  given,  when  the  riboflavin  content  of  milk 
was  raised  approximately  50  per  cent,  by  the  giving  of  1  mg.  riboflavin  and 
300  per  cent,  by  3  mg.  For  the  most  part,  the  rate  of  excretion  of  riboflavin 
in  the  urine  ran  parallel  with  the  level  of  riboflavin  in  the  milk,  but  it  should  be 
noted  that  the  10.0  a.m.  values  for  urine  were  based  on  the  analysis  of  a  specimen 
collected  between  8.0  a.m.  and  10.0  a.m.,  whereas  all  other  values  for  both 
milk  and  urine  represent  collections  made  during  the  preceding  4  hours.  Despite 
the  marked  rise  in  the  riboflavin  content  of  milk,  the  amount  of  extra  riboflavin 
secreted  into  milk  during  the  12  hours  following  the  administration  of  riboflavin 
was  less  than  5  per  cent,  of  the  dose,  whereas  the  percentage  excreted  in  the 
urine  was  approximately  30  with  a  dose  of  1  mg.  and  50  with  a  dose  of  3  mg 
Increases  of  the  same  magnitude  were  found  in  the  riboflavin  content  of  the 
milk  of  other  women  who  were  given  similar  doses  but  from  whom  it  was  not 
poss‘ble  to  obtain  specimens  of  urine.  The  greater  rise  in  riboflavin  content 

Table  LXVrn,StratIOn  6  mg'  riboflavin  is  shown  in  the  lower  portion  of 

It  is  of  interest  that  during  the  main  investigation  no  very  high  results  were 
observed  for  the  riboflavin  content  of  milk  obtained  from  women  who  had 
consumed  hver  on  the  previous  day.  In  view  of  the  results  just  described  it 

iTthe  20  hour!^  I*13' the  ^  °f  the  eXtra  riboflavin  would  have  disappeared 
of  the  sample  mg  between  the  consumption  of  liver  and  the  taking 

Early  Lactation 

gland  in  the  early  stages  of  lactation  d  n  ^eveJopment  °f  the  mammary 
their  opinion  for  the  passage  of  suffix’  fDCe  uh.devel°Pment  was  necessary  in 
This"  finding  coXTwith  °f  ^  Vitamin  into  the  milk. 

2  or  3  days,  values  found  for  the  rihofla161106  except  durin8  the  first 
samples  obtained  in  the  earlv  afternn  Vm  COI?te°t  of  early  lactation  milk 
full  lactation  samples  obtained  dS  tl^  g  y  higher  than  those  of 
than  those  of  full  lactation  overnight  saiL^T™  considerably  higher 
we  attributed  this  to  the  influence  of  LXI  and  LXIV).  As 

investigated  the  influence  of  6  mg  rfboffavi nb°flavin  content  of  meals,  we 

—  or  ‘ifSoSt ' X7.t  “,'K 
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Fig.  13.  The  influence  of  the  administration  of  riboflavin  on  its  excretion  in  the  urine  and  secretion  in  the  milk 
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TABLE  LX VI 

The  Effect  of  Riboflavin  Administration  on  the  Riboflavin  Content  of  Milk  in 

Early  and  Later  Lactation 

{Milk  samples  taken  at  9.0  a.m.  All  results  as  Mg.  riboflavin  per  100  ml.) 


Early  lactation 
( a )  No  riboflavin  given 


Day  of 
lactation 

Mother's  number 

Mean 

1 

2 

3 

4 

5 

6 

4 

16 

20 

19 

20 

16 

18 

5 

21 

16 

25 

15 

22 

19 

20 

6 

27 

27 

19 

19 

22 

19 

22 

7 

27 

20 

20 

16 

20 

22 

21 

8 

27 

20 

29 

13 

22 

20 

22 

9 

29 

20 

20 

25 

21 

20 

23 

10 

32 

18 

24 

18 

23 

15 

22 

(b)  Riboflavin — 6  mg.  given  daily  at  6  a.m.  on  4th  to  10 th  days  inclusive 


Day  of 
lactation 

Mother's  number 

Mean 

7 

8 

9 

10 

11 

12 

4 

38 

22 

34 

27 

19 

19 

27 

5 

39 

31 

37 

70 

21 

35 

39 

6 

47 

39 

88 

75 

44 

52 

58 

7 

69 

39 

78 

71 

49 

66 

62 

8 

56 

62 

51 

80 

30 

60 

57 

9 

70 

87 

74 

58 

44 

96 

72 

10 

48 

115 

58 

52 

44 

85 

67 

(c)  Riboflavin— 6  mg.  given  daily  at  6  a.m.  on  1th  to  10 th  days  inclusive 


Day  of 
lactation 

Mother's  number 

Mean 

13 

14 

15 

16 

17 

18 

4 

5 

6 

7 

8 

9 

10 

22 

16 

16 

25 

90 

125 

168 

10 

13 

18 

32 

66 

56 

83 

11 

14 

18 

27 

40 

52 

21 

16 

16 

25 

20 

27 

33 

— 

13 

14 

13 

24 

32 

35 

16 

14 

14 

24 

65 

176 

43 

15 

14 

18 

24 

52 

79 

70 

Later  lactation 


Day  of 
experiment 


1 

2 

3 

4 

5 


(8707H) 


- 1 _ ^  uu/i  inclusive  Of  experim 

Mother's  number 

1 

2 

3 

4 

22 

25 

41 

60 

50 

22 

14 

153 

82 

199 

30 

34 

132 

163 
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Key 


Mean  values  for  groups  of  six  women 
Early  lactation,  no  riboflavin  given 

Early  lactation,  riboflavin  given  from  the  4th  day  of  lactation 
Early  lactation,  riboflavin  given  from  the  7th  day  of  lactation 

Mean  values  for  four  women 
Full  lactation,  riboflavin  given  from  the  3rd  day  of  experiment 


Fig  14  The  riboflavin  content  of  milk  in  early  and  full  lactation  after  the  daily  administration 

by  mouth  of  6  mg.  riboflavin 

and  individual  values  in  Table  LXVI.  Results  obtained  for  the  milk  of 
mothers  in  full  lactation,  who  had  received  the  same  amount- of  "g^The 
are  given  for  comparison.  Although  we  have  been  unable  to  confirm  the 
findings  of  the  Hungarian  workers  that  riboflavin  administered  in  early  Hctation 
hns  no  influence  on  the  level  of  riboflavin  in  milk,  it  is  clear  that  the  effect  was 
much  less  ‘h""  in  later  lactation,  and  also  that  the  response ; «aSf=when 

R°dn8  r«T(1945thm6)  observed  ttat  the  magniiude  of  the  rise  in  the 
riboflavin  itJ ‘o/milk  a^consumption  of  liver  was  greater  in  later  than 

in  early  lactation. 
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Since  work  with  animals  indicates  that  the  development  of  the  mammary 
gland  is  completed  during  pregnancy  (Turner,  1939),  it  seems  unlikel>  that  this 
phenomenon  is  related  to  the  immaturity  of  the  gland,  as  was  suggested  by 
Blazso  and  Dubrauszky  (1943).  Roderuck  et  al.  (1946)  believe  that  the  low 
values  found  by  them  for  the  riboflavin  content  of  milk  during  the  first  few  days 
of  lactation  were  associated  with  the  low  milk  yields  at  that  time.  The 
phenomenon  under  discussion  may  also  be  related  to  milk  yield  but  further 
work  is  needed  to  provide  a  satisfactory  explanation. 

The  discrepancy  between  our  findings  and  those  of  Blazso  and  Dubrauszky 
may  be  due  to  the  difference  between  the  effects  of  oral  and  intravenous 
administration  of  riboflavin.  It  is  known  that  vitamin  Bx  and  vitamin  C  are 
excreted  more  rapidly  after  intravenous  than  after  oral  administration 
(Melnick,  Field  and  Robinson,  1939  ;  van  Eekelen  and  Heinemann,  1938). 
Axelrod  et  al.  (1941)  observed  that  riboflavin  also  was  excreted  very  rapidly 
when  injected. 


THE  RIBOFLAVIN  CONTENT  OF  MILK  STUDIED  IN  1942-45 

As  with  vitamin  Bj,  a  marked  rise  occurred  in  the  amount  of  riboflavin  available 
for  consumption  in  the  United  Kingdom  as  a  result  of  the  increase  in  1942 
of  the  percentage  extraction  rate  of  flour  to  85  from  73-75  (Special  Joint 
Committee  Set  up  by  the  Combined  Food  Board,  1944a,  b).  Measurements 
of  the  riboflavin  content  of  milk  were  not  begun  until  April,  1942,  when 
the  85  per  cent,  extraction  flour  came  into  use  and,  therefore,  we  have  no 
figures  for  the  milk  of  women  who  were  eating  bread  made  from  white  flour. 
Apart  from  bread,  the  principal  sources  of  riboflavin  in  the  diet  were  cow’s 
milk  and  meat.  The  amounts  of  these  available  to  lactating  women  did  not 
change  appreciably  during  our  investigation. 


Quarterly  mean  values  for  the  riboflavin  content  of  milk  samples  obtained 
from  Reading  women  are  given  in  Table  LXVII  and  of  those  from  Shoreditch 
in  Table  LXVIII.  It  will  be  noted  that  in  both  tables  only  results  for  samples 
taken  during  the  morning  from  mothers  who  had  last  fed  their  babies  between 
6.0  and  7.0  a.m.  are  included.  Between  April,  1943  and  September,  1944  the 
riboflavin  content  was  almost  constant,  excent  for  the  sernnrl  miart^r  10/1/1 


Almost  all  the  mothers 


(87978) 


TABLE  LXVII 
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All  samples  taken  during  the  morning  from  breasts  last  given  to  the  baby  between  6.0  and  7.0  a.m. 


TABLE  LXVIII 

The  Riboflavin  Content  of  Milk * — Shoreditch,  1942-45 
(All  values  as  ng.  per  100  ml.) 
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All  samples  taken  during  the  morning  from  breasts  last  given  to  the  baby  between  6.0  and  7.0  a.m. 
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TABLE  LXIX 


Changes  in  the  Riboflavin  Content  of  Flour  and  of  Human  Milk  in  Reading 

during  1944-45 


Period 

Extraction 

rate 

Flour 

Riboflavin 
([ J-g ■  Per  g.) 

Milk* 

(^g.  per  100  ml.) 

194 4 — 1st  quarter 

85 

1-2 

24-7 

1944 — 2nd  quarter 

85 

1-4 

29-8 

1944 — 3rd  quarter 

.  # 

85 

— 

26-5 

1944 — 4th  quarter 

•  • 

821 

10 

23-9 

1945 — 1st  quarter 

• 

80 

0-8 

21-7 

*  From  Table  LXVIL 


whose  milk  we  examined  ate  bread  for  breakfast  and  it  was  to  be  expected 
that  the  riboflavin  content  of  milk  samples  obtained  during  the  morning  might 
be  influenced  by  changes  in  the  riboflavin  content  of  bread.  No  similar  change 
in  riboflavin  content  was  observed  for  the  few  Shoreditch  samples  examined 
during  1944-45. 

Table  LXVII  shows  that  the  riboflavin  content  of  Reading  samples  obtained 
during  the  first  quarter  of  the  year  was  lower  than  that  of  samples  obtained 
in  the  second  quarter  and  slightly  lower  than  in  the  other  two  quarters. 
However  this  difference  is  not  apparent  when  the  three  years  are  considered 
separately,  and  for  Shoreditch  samples  there  is  no  significant  difference 
(Table  LXVIII).  We  do  not  consider  therefore  that  there  was  any  obvious 
seasonal  variation  in  the  riboflavin  content  of  milk. 

It  will  be  observed  from  Tables  LXVII  and  LXVIII  and  also  from  Table  LXI 
that  values  for  the  riboflavin  content  of  samples  from  Shoreditch  tended  to 
be  lower  than  those  for  corresponding  samples  from  The  mean 

value  of  25-5  per  100  ml.  for  616  Reading  samples  (Tables  LXI  and 
LXVII)  is  significantly  higher  than  that  of  23  •  4/<g.  per  100  ml.  for  136  Shoreditch 
samples  (Tables  LXI  and  LXVIII).  Other  morning  samples  show  the  same 
difference  in  riboflavin  content  between  the  two  places,  but  the  results 
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samples  obtained  from  large  groups  of  women  by  a  standardized  procedure 
may  give  an  indication  of  the  general  level  of  riboflavin  intake  and  may  be 
compared  with  values  similarly  obtained  for  other  groups  of  women.  If  all 
the  milk  secreted  by  a  woman  during  24  hours  were  collected  and  a  portion 
used  for  analysis,  a  more  reliable  result  might  be  obtained  but,  as  we  have 
stressed  elsewhere,  such  collections  are  difficult  to  make,  and  even  these  are 
liable  to  give  erroneous  results  if  the  food  recently  eaten  happens  to  have 
contained  an  unusually  rich  source  of  riboflavin.  Results  for  24-hour  collections 
of  milk  cannot,  like  those  for  similar  collections  of  urine  (Bicknell  and  Prescott, 
1946),  be  used  for  the  detection  of  riboflavin  deficiency.  They  are  likely  to 
yield  much  the  same  information  as  the  analysis  of  the  food  consumed,  in  that 
both  reflect  the  current  consumption  of  riboflavin  rather  than  the  general 
state  of  riboflavin  nutrition. 

Feder,  Lewis  and  Alden  (1944)  consider  that  fasting  specimens  of  urine 
give  useful  information  about  the  level  of  riboflavin  nutrition  but  this  view 
has  not  as  yet  gained  general  acceptance.  If  this  were,  in  fact,  true,  results 
for  the  riboflavin  content  of  milk  samples  obtained  at  6.0  a.m.  might  prove 
of  value. 

It  is  evident  from  the  considerations  just  outlined  that  it  is  not  possible  to 
make  valid  comparisons  between  our  results  and  those  of  other  investigators. 
All  that  can  be  said  is  that  our  values  lie  within  much  the  same  range  as  those 
of  Neuweiler  (1937)  and  Randoin  and  Raffy  (1942)  but  are  lower  than  those 
of  Sundararajan  (1941).  Our  experience  suggests  that  the  results  of  the  last 
author  may  have  been  influenced  by  the  interference  of  fluorescent  substances 
other  than  riboflavin,  but  it  must  be  admitted  that  most  methods  for  estimating 
riboflavin  have  some  drawbacks.  Roderuck  et  al.  (1945)  state  that  they  obtained 
higher  results  by  a  microbiological  than  by  a  chemical  procedure.  A  few 
microbiological  assays  carried  out  for  us  by  Dr.  E.  C.  Barton- Wright  also 
yielded  high  results. 


The  results  of  Roderuck  et  al  (1945)  for  the  milk  of  women  who  were 
consuming  self-chosen  diets  are  based  on  the  analysis  of  samples  obtained 
in  much  the  same  way  as  ours.  Their  mean  value  of  35-4  us.  ner  100  ml  fr>r 
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Because  of  the  ease  with  which  it  can  be  determined  the  content  of  vitamin  C 
in  human  milk  has  been  studied  more  extensively  than  that  of  other  vitamins 
and  many  facts  concerning  it  are  well  established.  Normally  the  amount  of 
vitamin  C  vanes  widely  in  the  milk  of  different  women,  mainly  because  of 
differences  in  the  dietary  intake.  The  magnitude  of  the  variations  likely  to 
occur  in  the  milk  of  the  same  woman  during  24  hours  or  from  day  to  day  is 

variatbnswhich  T*  con.cernjn8. this  will  be  presented  here  Seasonal 
Vham  n  r  in^h,  h  ,  i,  c°rrela!ed  Wlth  sras°nal  changes  in  the  amount  of 
(K™U  c  dlet  have  been  observed  by  several  workers  including  ourselves 

s £■:  ££  a  r-mVr/oo  ir  S3 

pn  cToT^fw^r  and° ' KUhner ^ 93 7 ^ 

“  ”  i"  nursing  mothers  is  greater  thin  in  ^ 

wer^hetat  soUL:Tf  vitalnTc  7^7^  ^ 
amount  that  can  be  obtained  frL Z  the.Bn,lsh  wa«™e  diet.  The  actual 
on  such  factors  as  the  season  of  the  ve  ^  a  extremely  variable  and  depends 
It  seemed  lit  !  f  the  year  and  the  method  of  cookine 

the  exfentlo  which  vitam^C  recmhements Vitam’/1  ,C  -  milk  would  indicate 

and  for  this  purpose  1,499  samples  of  miTk  ^rom"  R™!!- fr°m  theSe  sources- 
women  were  examined.  To  facilitate  internet  Readln§  and  Shoreditch 
investigation  was  carried  out  in  which  the  atlon  °f  the  resul*s  a  special  * 
by  analysis  of  the  food  as  consumed °  C  mtake  was  determined 
vitamin  C  secreted  into  the  milk.  ’  conJunctl°n  with  estimations  of  the 
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THE  ESTIMATION  OF  VITAMIN  C  IN  MILK 

The  vitamin  C  content  of  milk  was  estimated  by  the  indophenol  titration 
method.  The  only  departure  from  the  normal  practice  was  the  use  of  ammonium 
sulphate  in  conjunction  with  trichloroacetic  and  metaphosphoric  acids  to 
facilitate  precipitation  of  proteins  and  to  give  a  clear  filtrate  (Wachholder,  1936  ; 
Kroker,  1937-38).  The  vitamin  C  of  human  milk  is  very  labile  and  special 
precautions  have  to  be  taken  for  preserving  it  during  transit  from  the  home 
or  clinic  to  the  laboratory.  If  this  is  done,  oxidation  of  ascorbic  acid  is  prevented 
and  there  is  no  need  to  estimate  dehydroascorbic  acid,  which  is  not  normally 
secreted  by  the  mammary  gland. 

Two  methods  were  used  for  preserving  vitamin  C  in  milk  before  the  estimation 
could  be  carried  out. 

A  portion  of  each  Reading  sample  was  mixed  in  a  dark  glass  bottle  with  the 
precipitating  reagent  (see  below)  immediately  after  expression.  It  was  found 
that  if  milk  was  treated  in  this  way  the  ascorbic  acid  remained  unchanged  ; 
usually  between  2\  and  5  hours  elapsed  between  the  collection  of  the  sample 
and  the  estimation  of  vitamin  C. 

Shoreditch  samples  were  placed  on  ice  immediately  after  expression  and 
were  transported  to  the  laboratory  in  ice  boxes.  The  time  taken  was  normally 
4  hours  and  with  an  interval  of  no  more  than  this  the  procedure  was  found 
satisfactory.  If  the  milk  is  to  be  kept  longer  sodium  cyanide  may  be  added  to 
protect  the  vitamin  C.  This  does  not  interfere  with  the  estimation  of  vitamin  A 
and  carotenoids,  vitamin  Bx  or  riboflavin.  Sodium  diethyldithiocarbamate 
may  be  used  also  but  this  interferes  with  the  estimation  of  carotenoids. 

The  precipitating  reagent  used  in  estimating  vitamin  C  consisted  of  a  mixture 
of  2  parts  30  per  cent,  trichloroacetic  acid  and  3  parts  saturated  ammonium 
sulphate,  both  of  analytical  quality.  This  mixture  was  quite  stable  but  the  third 
constituent,  sodium  metaphosphate,  was  usually  mixed  with  it  on  the  day  on 
which  the  analysis  was  carried  out.  Three  ml.  milk  were  added  in  a  dark  glass 
bottle  to  5  ml.  trichloroacetic  acid  and  ammonium  sulphate  solution  mixed 
with  1  ml.  10  per  cent,  sodium  metaphosphate  (Briggs,  1937-38).  After  standing 
for  a  few  minutes,  the  precipitate  was  removed  by  filtration  in  a  dark  cupboard 
and  two  3  ml.  portions  of  filtrate  were  titrated  with  2:6-dichlorophenol- 
indophenol  (0-008  g.  per  100  ml.).  The  dye  solution  was  standardized  by 
titration  of  a  solution  containing  a  known  quantity  of  synthetic  ascorbic  acid. 


VARIATIONS  IN  THE  VITAMIN  C  CONTENT  OF  MILK 

Lability  of  Vitamin  C  in  Human  Milk  ,  ,  , 

The  lability  of  vitamin  C  in  human  milk  is  manifested  by  losses  under 
conditions  in  which  the  vitamin  C  of  cow’s  milk  is  not  affected.  Thus,  samples 
protected  from  light  and  exposed  to  winter  temperatures  lost  10  per  cent  in 
21  hours  and  the  loss  was  some  30  per  cent,  in  3  hours  at  room  temperature. 
At  37°  C  and  in  the  dark  a  sample  of  human  milk  lost  80  per  cent,  of  its 
vitamin  C  in  6  hours  but  a  sample  of  cow’s  milk  only  15  per  cent  Thts  grea  er 
lability  is  probably  connected  with  the  higher  copper  content  of  human l  m  . 

Zondek  and  Bondmann  (1931)  found  0.5-0  - 6  ,g. 

and  0- 15-0*2  ^g  per  ml.  in  cow’s  milk.  Lesne :  and i  Bn  (>g 

for  cow’s  milk  of  0-09-0-5  ,g.  per  ml.  and  for  human  ffidkof  )6  0  95**1* 

ml.  at  the  second  month  of  lactation  and  of  0  3  /'g-  P 

month. 
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TABLE  LXX 

Variations  throughout  the  Day  in  the  Vitamin  C  Content  of  Full  Lactation  Milk 

oj  Mothers  Living  at  Home 

Mother's 

number 

Vitamin  C  {mg.  per  100  ml.) 

Time  of  feed 

«>  100  2.0  6.0  10.0 

a.m.  a.m.  p.m.  p.nu  pm 

Coefficient 
Mean  of  variation 

1 

2 

3 

4 

5 

6 

2’Z  3'8  3-9  4-2  40 

4-8  5  0  4-4  4-6 

5-0  If  2‘4  2-2  2-3 

48  50  4-9  ti 

42  4'  4-3  4  0  Vl 

3  9  4.9 

4-7  5-1 

2-3  3-8 

5  0  2  0 

4-8  2-7 

4-1  2-7 

Mean 

4'‘  42  4-3  4-1  4., 
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Fig  16  Effect  of  pH  on  the  destruction  of  ascorbic  acid  in  milk  in  2  hours  at  37°C 

in  the  dark 


In  agreement  with  this,  cow’s  milk  to  which  copper  had  been  added  behaved 
like  human  milk  (Figs.  15  and  16) ;  moreover,  as  already  stated,  the  addition 
of  cyanide  afforded  effective  protection. 

Variations  in  the  Vitamin  C  Content  of  the  Milk  of  Individual  Women 

We  have  confirmed  the  observations  of  Sung  and  Chu  (1937),  Braestrup 
(1939)  and  of  Winikoff  (1946)  that  the  vitamin  C  content  of  foremilk  is  the  same 
as  that  of  strippings.  Variations  in  the  vitamin  C  content  °f  ^  fromom 
feed  to  another  during  24  hours  have  also  proved  very  small  (Table  LXX). 
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which  we  have  observed,  were  found  by  them  for  the  milk  of  two  other 
women  who  were  in  hospital.  In  view  of  the  lability  of  vitamin  C  it  seems 
possible  that  the  discrepancy  may  have  been  due  to  the  milk  samples  having 
been  handled  less  carefully  in  the  home  than  in  the  hospital.  On  the  strength 
of  their  findings  with  the  two  women  living  at  home  Munks  et  al.  (1945)  doubt 
the  reliability  of  estimations  of  vitamin  C  made  on  single  samples  of  milk. 
We  consider  that  these  doubts  are  unfounded  and  that,  if  suitable  precautions 
are  taken  during  collection,  a  result  from  a  single  sample  of  milk  is  of  definite 
value.  It  is  not  surprising  that  the  vitamin  C  content  of  milk  remains  fairly 
uniform  throughout  the  day,  since  the  ingestion  of  moderate  amounts  of 
vitamin  C,  such  as  are  likely  to  be  contained  in  meals,  does  not  cause  an 
appreciable  increase  in  the  vitamin  C  content  of  blood  plasma  (Todhunter, 
Robbins  and  McIntosh,  1942). 


TABLE  LXXI 

The  Vitamin  C  Content  of  the  Milk  of  Individual  Women  Measured  during 

Successive  Weeks 


Mother's 

number 


266 

267 

269 

270 

271 
284 
290 
292 
295 
297 
299 

319 

320 

321 

322 

330 

331 
333 

337 

338 
460 
462 
511 

527 

528 

529 
531 
534 
544 

546 

547 
553 
556 
569 


Vitamin  C  content  (mg.  per  100  ml.) 


Coefficient  of 
variation 


11- 3 

7- 4 
11-2 

3- 5 
190 

5-3 

24-6 

8- 6 

4- 4 
14-2 
21-4 

13- 4 
36-2 
30-6 
17-4 

12- 6 

11- 7 
110 

14- 6 

5- 6 
19-3 
10-6 
46-6 
17-7 

7-9 

10-2 

2-3 

141 

10-8 

10-3 

101 

10-2 

5-7 

12- 6 
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Variations  in  the  vitamin  C  content  of  milk  from  one  day  to  the  next  are 
somewhat  greater  and  these  will  be  considered  later  (p.  131)  in  relation  to  the 
daily  intake  of  vitamin  C.  Table  LXXI  shows  the  variations  found  for  samples 
taken  during  three  successive  weeks,  and  these  are  of  course  greater  still.  In 
many  cases  definite  upward  or  downward  trends  are  apparent,  doubtless 
indicative  of  similar  trends  in  the  average  consumption  of  vitamin  C. 


Variations  in  the  Vitamin  C  Content  of  the  Milk  of  Different  Women 

Wide  variations  in  the  amount  of  vitamin  C  consumed,  due  to  differences 
in  food  habits  and  to  fluctuations  in  the  quantity  and  vitamin  C  content  of 
foodstuffs  available  for  consumption,  make  it  extremely  difficult  to  study  the 
influence  of  factors  other  than  diet  on  the  vitamin  C  content  of  milk.  For 
example,  there  is  much  confusion  in  the  literature  as  to  the  changes,  if  any,  in 
the  vitamin  C  content  of  milk  during  the  first  two  weeks  of  lactation.  Some 
workers  have  found  that  the  amount  in  colostrum  is  higher  than  in  milk 
(Schlemmer,  Bleyer  and  Cahnmann,  1932  ;  de  Haas  and  Meulemans,  1936  ; 
Stoerr  1936).  Others  have  found  the  reverse  (Kasahara  and  Kawashima,  1936  , 
Selleg’and  King,  1936  ;  Winkler  and  Heins,  1938  ;  Sadovsky,  Weber  and 
Wertheimer,  1939).  Selleg  and  King  (1936)  consider  that  the  increase  which 
they  observed  in  the  first  10  days  after  delivery  was  due  in  part  to  an  improved 
diet  in  hospital  and  in  part  to  greater  loss  of  vitamin  C  in  the  early  samples 
owine  to  the  long  time  taken  for  collection.  There  is  some  evidence  that  the 
vitamin  C  content  of  milk  is  affected  by  milk  yield  (p.  132),  but  the  influence 
of  such  factors  as  age  and  parity  is  not  known. 


the  effect  of  the  administration  of  vitamin  c  on  the 

VITAMIN  C  CONTENT  OF  MILK 

Before  the  present  work  was  started,  Harns^and  Ray  (.935)  were,  as  faras  we 

know,  the  only  authors  to  rep  a  vajue  0f  5  -  6  mg.  per  100  ml. 

England.  They  fotmd  for  the  mflk  H3  thjs  Rg  lg>  p.  134)>  but  we 

Our  mean  monthly  values  are  muc  the  whose  mlik  we 

attribute  this  to  a  lower  intake >  of  v  tamm  C  by  ^  ^  ^  ^  were  afele  t0 

mfsfthe'vitamin  C  c“of  milk  by  giving  to  mothers  a  small  daily  dose  of 

“pi  1943,  ten  Shoreditch  women  were  "m, pte  ^ mHk 

50  mg.  vitamin  C  and  were  ins  ru  first  taken  and  on  ,he  5th  and  14th 

was  obtained  just  before  the  ta  Table  LXXII  The  vitamin  C  value 

days  of  dosing.  The  results  are  ^0V^“ep™  0men.  The  vitamin  C 
rose  slowly,  but  definitely,  in  the ^milk  of  «  P  q  236  was  high>  5.3  mg.  per 
content  of  the  initial  samp  e  of  milk  ^  ..  saturated  ••  with  vitamin  C. 
100  ml.,  so  it  is  possible  tha  .  he  jack  0f  response  of  mother 

™  233  except  that"  guarantee  that  the  tablets  issued  were 

in  fact  taken. 
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TABLE  LXXII 

The  Effect  of  Administration  of  50  mg.  Daily  of  Vitamin  C  on  the  Vitamin  C 

Content  of  Milk 


Mother's 

number 

Vitamin  C  content  {mg.  per  100  ml.) 

Initial  sample 
(, before  dosing) 

Samples  taken  during  dosing 

5th  day  14 th  day 

226 

2-8 

3-3 

3-9 

228 

2-3 

3-2 

3-8 

233 

1-6 

1*9 

1-7 

235 

2-1 

— 

3-4 

236 

5-3 

5-7 

5-3 

237 

2-7 

3-2 

3-7 

246 

2-8 

3-6 

3-9 

252 

2-2 

2-5 

3-1 

255 

3-2 

— 

4-2 

262 

2-6 

3-5 

3-4 

Mean 

2-8 

(3-4) 

3-6 

THE  RELATION  OF  THE  DIETARY  INTAKE  OF  VITAMIN  C  TO  THE 

VITAMIN  C  CONTENT  OF  MILK 

It  has  been  suggested  that  the  nursing  mother  tends  to  put  vitamin  C  into 
milk  at  her  own  expense  (Baumann  and  Rappolt,  1937  ;  Ingalls,  Draper  and 
Teel,  1938)  and  in  this  connexion  it  is  of  interest  that  scurvy  is  exceedingly  rare 
amongst  breast-fed  infants  (Hess,  1920)  We  carried  out  a  special  investigation 
to  determine  how  much  vitamin  C  was  actually  consumed  by  nursing  mothers 
whose  milk  contained  only  moderate  amounts  of  vitamin  C,  and  to  see  how  this 
compared  with  estimates  of  the  vitamin  C  requirement  of  lactating  women. 
By  measuring  the  vitamin  C  content  of  the  milk  and  the  amount  of  milk  taken 
by  the  baby  it  was  possible  to  determine  how  much  vitamin  C  was  available 
tor  the  needs  of  the  mother  after  those  of  the  baby  had  been  satisfied  This 
figure  could  be  compared  with  estimates  of  the  vitamin  C  requirement  of 
normal  adults.  The  investigation,  done  in  February,  March  and  April  1944 
also  supplied  interesting  information  about  the  foodstuffs,  both  cooked  and  raw’ 
from  which  appreciable  amounts  of  vitamin  C  were  actually  obtained. 

Sixteen  women  living  in  the  Reading  area  participated  in  this  investigation 
They  were  probably  somewhat  above  the  average  intelligence  since  ft  was 
necessary  to  select  women  who  could  be  depended  upon  to  make  the  necessary 

~imentS-  Each  woman  weighed  all  the  fruit,  vegetables,  soup  and  uravv 
which  she  consumed  during  a  period  of  one  week,  and  supplied  small  samples 

s=  “r  —  £  =smr  s  aE&fSTS 

the  baby  before  and  after  each  feed  San-mlp  y  ^as  det^rmined  by  weighing 
daily  from  the  homes  and taken  in  of  ^od  and  milk  were  collected 

The  vitamin  C  content  of  food  was  d^t  laborat°ry  for  immediate  analysis. 
C.  A.  Mawson  (1945)  and  that  ofcowWin!^  by  the  method  described  by 

and  Kon  (1945).  Experiments  showed  that"  the  fLmST***1  ^  E'  H’  Mawson 
vegetables  were  fairly  small  since  dnrino  l ?  samplmg  errors  with  cooked 
evenly  distributed.  ’  '  dUnng  COOklng  the  vitamin  C  became  more 


TABLE  LXXIII 

Sources  of  Vitamin  C  in  the  Diet  of  16  Nursing  Mothers  in  Reading 
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1  mg.  daily  from  synthetic  ascorbic  acid.  t  7  m8-  daily  obtained  from  liver. 
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Sources  of  Vitamin  C  in  the  Diet  of  Lactating  Women 

The  mean  daily  consumption  of  vitamin  C  from  various  foodstuffs  by  each 
of  the  16  women  is  given  in  Table  LXXIII.  While  this  investigation  was  in 
progress,  a  consignment  of  oranges,  of  which  few  had  been  available 
previously,  appeared  on  the  market  in  Reading.  As  these  were  not  a  norma 
constituent  of  the  diet  and  were  taken  by  only  8  of  the  16  women,  the  estimate 
of  a  mean  daily  intake  of  72  mg.  is  not  very  satisfactory  ;  if  no  oranges  had 
been  available  during  the  investigation  the  mean  daily  intake  of  vitamin  C 
would  have  been  59  mg.  Nine  women  received  some  vitamin  C  from  orange 
juice.  Orange  juice  is  distributed  from  Child  Welfare  Centres  for  administration 
to  babies  but,  since  they  do  not  always  tolerate  it  well,  mothers  frequently 
take  it  themselves.  The  amount  of  vitamin  C  which  can  be  obtained  in  this 
way  is  about  130  mg.  weekly,  or  19  mg.  daily.  Two  mothers  in  the  present 
investigation  obtained  double  rations,  and  so  got  more  than  this. 

Apart  from  oranges,  leafy  vegetables  were  the  chief  source  of  vitamin  C. 
These  were  uncommonly  plentiful  for  the  time  of  year  (February  to  April) 
and  consisted  of  Brussels  sprouts,  cabbage,  kale,  cauliflower,  sprouting  broccoli, 
Swiss  chard  (seakale  beet)  and  turnip  tops.  There  was  considerable  variation 
in  the  vitamin  C  content  of  cooked  greens  but,  in  general,  concentrations  were 
high  and  methods  of  cooking  must  therefore  have  been  good.  Eight  of  the 
16  women  ate  green  vegetables  only  three  times  or  less  during  the  week  but 
others  may  have  eaten  more  than  was  their  habit.  It  seems  likely  that  full 
advantage  was  not  taken  of  greens  as  a  source  of  vitamin  C  and  that,  if  they 
were  consumed  more  frequently,  they  could  provide  a  high  proportion  of  the 
requirement  of  both  mother  and  child,  and  considerably  more  than  22  mg.  daily. 

Potatoes  contributed  on  the  average  only  8  mg.  daily  or  about  12  per  cent, 
of  the  total  intake,  despite  the  fact  that  some  women  ate  them  twice  daily. 
At  this  time  of  year  the  vitamin  C  content  of  cooked  potatoes  is  very  nearly 
at  its  minimum  (Olliver,  1943). 


Cow  s  milk,  which  is  usually  regarded  as  a  negligible  source  of  vitamin  C, 
contributed  10  to  15  mg.  daily  in  six  cases  and  less  than  3  mg.  in  three  others! 
This  variation  was  not  due  to  differences  in  the  amount  of  milk  consumed 
since  all  women  were  taking  between  1  and  2  pints  daily,  but  to  the  very  great 
variation  in  the  vitamin  C  content  of  cow’s  milk  as  consumed,  which  we  have 
shown  (Mawson  and  Kon,  1945)  to  depend  on  the  amount  of  handling  of  the 
milk  and  the  time  taken  in  bringing  it  from  the  cow  to  the  consumer. 


Vegetables,  other  than  greens  and  potatoes,  and  salads  provided  very  little 
vitamin  C.  Watercress,  and  mustard  and  cress,  supplied  most  of  the  vitamin  C 

overr^HWhl?  ^  ^  m°St  a  very  poor  source  of  {t  and  has  been  much 
overrated.  Soup  also  contained  very  little  vitamin  C  but  women  who  used 

source  The8'66118  “  makm?  graVy  obtained  appreciable  amounts  from  this 
source.  The  measurement  of  vitamin  C  in  gravy  made  from  other  ingredients 

was  not  very  reliabfe  because  of  the  high  proportion  of  interfering  XatS 

I  ne  /z  mg.  vitamin  C  received  daily  by  these  women  is  nniv  tiaiftv. 
recommended  by  the  U.S.A.  National 

greater  than  the  45  mg.  put  forward  bv  Mapee  flQ.i'i'i  , 

than  the  “over  500  I  U  ” sTaaesteH h„ f 9, }  and  c°™derably  greater 
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certainly  too  low  if  the  recommendation  of  30  mg.  daily  for  the  normal  adult 
(League  of  Nations  Technical  Commission  on  Nutrition,  1938)  is  accepted. 

Anyone  consuming  the  same  diet  as  these  mothers  but  receiving  no  oranges 
or  orange  juice  and  no  priority  supplies  of  milk  would  receive  just  over  40  mg. 
vitamin  C  daily. 


THE  CONSTITUENTS  OF  MILK  IJI 

The  Relation  between  the  Dietary  Intake  and  the  Secretion  into  Milk  of  Vitamin  C 
Additional  vitamin  C  taken  by  a  lactating  woman  who  is  already  saturated 
with  it  is  excreted  in  the  urine  and  does  not  affect  the  vitamin  C  content  of 
milk,  but  that  taken  by  a  woman  who  is  not  saturated  causes  an  increase  in  the 
vitamin  C  content  of  milk  before  affecting  the  rate  of  excretion  in  the  urine. 
If,  on  the  other  hand,  vitamin  C  is  withdrawn  from  the  diet  of  a  nursing  mother, 
there  is  a  fall  in  the  amount  excreted  in  the  urine  before  there  is  any  decrease 
in  the  vitamin  C  content  of  milk.  These  facts  are  clear  from  the  work  of 
Gaehtgens  and  Werner  (1937,  a,  b),  Widenbauer  and  Kiihner  (1937),  Baumann 
(1937),  Chu,  Woo  and  Sung  (1938),  Toverud  (1938-39),  and  others.  Thus, 
an  increase  in  the  vitamin  C  intake  of  a  lactating  woman  increases  the  vitamin  C 
content  of  her  milk  only  gradually,  since  the  additional  vitamin  C  is  partitioned 
between  her  body  tissues  and  her  milk.  Conversely,  a  decreased  intake  of 
vitamin  C  causes  a  slow  decrease  in  the  vitamin  C  content  of  milk,  and  for  a 
time  the  total  amount  secreted  into  milk  is  likely  to  exceed  the  intake  in  the  food. 
The  extra  vitamin  C  which  is  put  into  the  milk  must  come  from  the  reserves 
in  the  mother’s  body.  This  is  well  illustrated  by  results  obtained  for  a  woman 
who  suddenly  reduced  her  intake  of  vitamin  C  from  about  100  mg.  daily  to 
10  mg.  (p.  149). 


Fig.  17  shows  the  relation  of  the  day  to  day  intake  of  vitamin  C  to  its 
concentration  in  the  milk  of  three  of  the  sixteen  women  whose  food  was  analysed 
for  vitamin  C.  The  results  for  No.  10  show  that  considerable  fluctuations  in 
the  daily  intake  have  very  little  effect  on  the  vitamin  C  content  of  milk.  If, 
however,  the  diet  contains  on  the  average  more  or  less  vitamin  C  than  previously, 
we  should  expect  this  to  be  reflected  in  the  trend  in  the  milk.  We  can,  therefore! 
judge  from  the  milk  trend  whether  the  intake  was  greater  or  less  than,  or  the 
same  as,  in  the  previous  week.  The  diet  of  mother  No.  2  may  have  contained 
somewhat  less  vitamin  C  than  previously  but  this  was  the  only  case  in  which 
even  a  slight  downward  trend  in  the  vitamin  C  content  of  the  milk  was  noted. 
A  longer  experimental  period  to  establish  such  trends  more  definitely  would 
have  been  an  advantage  but  this  was  not  feasible.  The  vitamin  C  intake  of 
mother  No.  7  was  obviously  higher  than  it  had  been  previously,  since  the 
vitamm  C  content  of  her  milk  increased  appreciably.  This  is  confirmed  by 
the  fact  that  39  of  the  62  mg.  vitamin  C  daily  which  she  consumed  came  from 
oranges,  which  had  not  been  available  during  the  previous  week.  It  seems 
S  the  vitamin  C  content  of  her  milk,  1-6  mg.  per  100  ml.  at  the 

20^nd30mghe  corresponded  to  a  daily  intake  of  vitamin  C  of  between 

hvTu|G  iT UltS  f°r  thC  mean  daily  intake  and  s<Fetion  into  the  milk  of  vitamin  C 
by  all  16  women  are  given  in  Table  LXXIV.  Of  these  Nos.  14  15  and  16  were 

producmg  abnormafly  h!gh  or  low  quantities  of  milk  and  so  cannot  be  compared 
vtlmC^n  N0S-  7  rd  l2J  Who  had  oran8es-  were  obviously  recei^ngmore 

and  had  on  the  average  21  mg  dl  °  ief,  for?h"  ‘f*1 intake  in‘°  milk 

the  intake  of  30  mg  daU?  advocated £  i "T 0V™  This  is  less  tha" 

Commission  on  Nutrition  119381  anH  I  ’  .rf  League  oi  Nations  Technical 

daily  recommended  by  °he  USA  Na  ona  n"  °f  the  10~ 75 

(87978)  y  *'A‘  Natl0nal  Research  Council  (1943,  1945), 


12 


132 


HUMAN  MILK 


TABLE  LXXIV 

The  Relation  of  the  Intake  of  Vitamin  C  in  the  Diet  to  the  Output  in  Breast  Milk 

of  16  Reading  Mothers 

( Mean  values  per  day  calculated  from  results  of  measurements  made  for  one  week) 


Mother's 

number 

Vitamin  C 
Output  of  content  of 
milk  (ml.  milk  (mg.  per 
daily )  100  ml.) 

Output  of 
vitamin  C 
in  milk 
(mg.  daily ) 

Intake  of 
vitamin  C* 
(mg.  daily ) 

Output  in 
milk  as 
percentage 
of  intake 

Vitamin  C 
available 
for  mother 
(mg.  daily) 

1 

888 

30 

27 

43 

63 

16 

2 

1,130 

40 

28 

46 

61 

18 

3 

695 

3-5 

24 

52 

47 

28 

4 

795 

4-5 

36 

53 

68 

17 

5 

970 

3-8 

37 

54 

68 

17 

6 

795 

3-4 

27 

55 

49 

28 

7 

879 

1-9 

17 

62 

27 

45 

8 

920 

50 

46 

70 

66 

24 

9 

869 

3-1 

27 

73 

37 

46 

10 

957 

4-1 

39 

73 

54 

34 

11 

836 

3-3 

28 

88 

32 

60 

12 

918 

3-6 

33 

99 

33 

66 

13 

831 

5-5 

47 

101 

47 

54 

14 

570 

3-4 

19 

84 

23 

65 

15 

575 

5-8 

33 

106 

32 

73 

16t 

1,480 

3-5 

52 

91 

58 

39 

*  See  Table  LXXIII. 
t  Nursing  twins. 

<£» 

tor  normal  aauns.  /\n  mese  wumcu  wcic  - - ©- 

or  more  vitamin  C  per  100  ml.  It  seems  probable  that  many  of  the^women 


or  more  vitamin  ^  per  iuu  mi.  n  seems  w 

in  the  main  investigation  whose  milk  contained  considerably  less  than  3-0  mg. 

per  100  ml.  must  have  been  subsisting  on  very  small  amounts  of  vitamin  C. 
_  ■  i  a  _ _ _ _ r  o i r% t  Kaon  aKcptvpH  f i TTi o Ti lactatim 


per  10U  ml.  musi  nave  oeen  suuM»uug  vu  — * -  - 

We  are  not  aware  that  any  cases  of  scurvy  have  been  observed  among  lactating 

women  in  this  country  but  it  would  seem  that,  to  be  on  the  safe  side,  more 
...  •  i  • r'  o„n«-.lxr  r>nr  r^cnltc  snppest  that  an 


women  in  this  country  our  n  wouiu  i>ecm  uiai,  u ^  vu  ’ 

attention  should  be  paid  to  their  vitamin  C  supply.  Our  results  suggest  that  an 
.  .  ,  A _ r  70  Qnrl  80  mp.  dai  v  would  ensure 


attention  snouia  oe  paiu  iu  men  vxuumu  ^  ,, 

intake  by  the  lactating  woman  of  between  70  and  80  mg.  daily  would  ensure 

her  being  able  to  retain  for  her  own  needs  the  30  mg.  recommended  for  a 
®  ~  n  -v t _  x! rommiccinn  nn  Nutrition  (  lyjo). 


her  being  able  to  retain  tor  tier  own  neeus  me  ou  mg.  -  -- 

adult  by  the  League  of  Nations  Technical  Commission  on  Nutrition  (1938). 

The  estimate  of  150  mg.  daily  made  by  the  U.S.A.  National  ^ese^h/:ou^1 
probably  provides  for  the  retention  of  70  mg.  or  more  by  the  mother.  N 
special  attention  need  be  paid  to  the  vitamin  C  requirements  of  the  breast-fed  infan  t, 
since  it  is  bound  to  get  enough  if  the  mother’s  needs 


nce  it  is  oounu  iu  get  enough  if  the  mother’s  needs  are  adequately  supphed 
The  results  for  mother  No.  16  suggest  that  the  requirements  of  women  who 
are  feeding  twins  or  producing  large  amounts  of  milk  for  other  reasons  may  be 

milk  is  related  to  the  milk  volum  ,  amounts  of  milk  contained 

smaller  “^0^0^^^610-16  than  the  milk  of  those  producing  less. 


TABLE  LXX V 

The  Vitamin  C  Content  of  Milk  in  each  Month  of  the  Year — Reading ,  1941-45 

{All  values  as  mg.  per  100  ml.) 
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Fig.  18.  Monthly  and  quarterly  values  for  the  vitamin  C  content  of  milk  in  Reading  and  Shoreditch,  1941-45 
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SEASONAL  VARIATIONS  IN  THE  VITAMIN  C  CONTENT  OF  MILK 
Seasonal  variations  in  the  vitamin  C  content  of  milk  have  been  observed 
by  workers  in  several  countries.  In  Japan,  Kasahara  and  Kawashima  (1936), 
who  made  comparisons  of  the  vitamin  C  content  of  milk  obtained  from  the 
same  women  at  different  times  of  the  year,  found  that  the  values  were  lowest 
in  February  and  highest  in  April,  May  and  June.  Sinkko  (1937)  in  Finland 
also  found  the  values  low  in  February  but  his  highest  values  were  in  September. 
Baumann  and  Rappolt  (1937)  in  Switzerland,  and  Gedda  and  Kjellberg  (1939) 
in  Sweden,  found  that  the  vitamin  C  content  of  milk  samples  obtained  in 
autumn  was  higher  than  that  of  those  obtained  in  spring.  These  differences 
are  due  to  the  seasonal  variation  in  vitamin  C  intake  in  temperate  climates 
(Neuweiler,  1939  ;  Harris  and  Olliver,  1943)  and  are  shown  also  in  the 
vitamin  C  content  of  the  blood  plasma  (Dagulf,  1939). 

Fig.  18  and  Table  LXXV  show  the  monthly  mean  values  for  the  vitamin  C 
content  of  milk  samples  from  Reading  women  during  nearly  four  years.  The 
seasonal  variation,  which  follows  the  same  trend  as  that  found  by  previous 
workers,  is  very  striking,  especially  during  the  first  two  years  of  our 
investigation,  when  the  population  of  Britain  was  almost  entirely  dependent 
for  vitamin  C  on  native  fruits  and  vegetables.  Of  these,  potatoes  are  the  most 
constant  source  in  the  British  diet.  Their  vitamin  C  content  is  high  in  July, 
August  and  September,  after  which  there  is  a  rapid  drop  (Olliver,  1943).  From 
January  onwards  the  content  is  very  low  and  the  amount  of  potatoes  consumed 
daily  is  unlikely  to  supply  more  than  15  mg.,  and  often  much  less.  It  will  be 
observed  from  Fig.  18  that  the  vitamin  C  content  of  human  milk  shows  a 
considerable  increase  during  May  and  June  before  the  new  potatoes  are  ready. 
This  is  probably  due  to  an  increased  consumption  of  green  vegetables  such 
as  spring  cabbage  and  sprouting  broccoli.  It  is  likely  also  that  the  consumption 
of  other  green  vegetables  such  as  Brussels  sprouts,  kale,  and  winter  cabbages 
helps  to  retard  somewhat  the  fall  in  the  vitamin  C  content  of  milk  when  the 
vitamin  C  content  of  potatoes  decreases  in  November  and  December  It  is 
of  interest,  however,  that  the  vitamin  C  content  of  cabbage  is  much  higher  in 
May  and  June  than  during  the  rest  of  the  year  (Lampitt,  Baker  and  Parkinson, 
1945a,  b)  In  1944-45  the  seasonal  variation  in  the  vitamin  C  content  of  milk 
was  largely  eliminated  by  the  distribution  in  February,  March  and  April  of 

imported  citrus  fruits,  of  which  nursing  mothers  received  extra  supplies  as 
compared  with  other  adults. 

Fig.  18  includes  the  results  obtained  for  Shoreditch  samples  in  1942^13 
The  seasonal  trend  is  similar  to  that  observed  with  Reading  samples  except  that 
no  appreciable  rise  in  the  vitamin  C  content  occurred  until  July.  In  other  years 

locally,  than  at  Shoreditch,  since  being  perishable*  they  I here,they  are  grOWn 

It  is  of  interest  in  this  connexion  th.tln  “  i  *7  do  not  'ransport  well, 
are  eaten  than  in  this  country  the  vitamin  pnma^k’  w  “re  less  green  vegetables 
did  not  rise  appreciably  till  ^fter  Hth  T6"'  7 mi,k  in  1937  a"d  1938 
(Braestrup,  1939).  th  June>  the  Peak  ***>8  reached  in  July 


TABLE  LXXVI 

The  Vitamin  C  Content  of  Milk  in  the  Four  Quarters  of  the  Year — Shoreditch,  1942-45 

{All  values  as  mg.  per  100  ml.) 
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1 17 

the  constituents  of  milk 
the  vitamin  c  content  of  milk  studied  in  1941-45 

During  the  course  of  our  investigation  the  yearly  mean  values  for  the  vitamin  C 
content  of  milk  from  Reading  mothers  showed  a  steady  increase  * ak 

statistically  significant  (Table  LXXV).  It  will  be  .seen  from  Fig 18 -that  peak 
values  in  late  summer  and  autumn  were  higher  in  1942-43  than  in  1941  , 

and  higher  still  in  1943^14.  This  difference  was  probably  due  to  the  marked 
increase  in  the  consumption  of  potatoes  and  green  vegetables  which  took  place 
in  the  United  Kingdom  between  1941  and  1943.  Improved  cooking  methods 
as  a  result  of  the  Ministry  of  Food  campaign  may  have  been  a  contributing 
factor  (Special  Joint  Committee  Set  up  by  the  Combined  Food  Board, 
1944,  a,  b).  In  1944-45,  however,  the  peak  in  vitamin  C  was  less  than  in  the 
previous  two  years,  which  suggests  that  there  may  have  been  a  falling-off  in 
the  consumption  of  vegetables.  The  slightly  higher  value  for  April,  1943,  as 
compared  with  March  and  May,  can  be  attributed  to  the  consumption  of 
oranges,  a  small  quantity  of  which  was  imported  at  that  time.  In  the  early 
part  of  1944  much  larger  quantities  of  these  were  available  and  the  low  vitamin  C 
values  observed  in  other  years  were  not  encountered.  Thus,  the  mean  value 
for  this  year  is  greater  than  that  for  the  preceding  three  years,  in  spite  of  the 
lower  results  obtained  in  the  autumn. 

This  increase  in  the  vitamin  C  content  of  milk  during  the  course  of  our 
investigation  was  not  observed  in  Shoreditch  samples.  In  1942-43  the  yearly 
mean  for  Shoreditch  was  not  significantly  different  from  that  found  for 
Reading  (Tables  LXXV  and  LXXVI).  The  mean  of  3-34  mg.  per  100  ml. 
found  for  1943-44  is  probably  too  low,  because  67  of  the  100  samples  examined 
were  obtained  in  the  first  and  second  quarters  of  the  year  in  which  the  lowest 
values  for  vitamin  C  were  observed  in  1942-43.  In  1944-45,  the  distribution  of 
samples  between  quarters  was  very  irregular  and  the  vitamin  C  content  of  milk 
may  have  been  affected  also  by  the  disturbance  to  food  habits  caused  by  flying 
bombs  during  this  year. 


THE  VITAMIN  C  CONTENT  OF  THE  MILK  OF  WOMEN  CONSUMING 
HOME-GROWN  OR  BOUGHT  VEGETABLES 

Many  Reading  women  whose  milk  we  examined  were  able  to  obtain  from  their 
own  gardens  or  allotments  all  or  part  of  the  vegetables  they  consumed.  It 
has  been  found  that  storage  causes  a  decrease  in  the  vitamin  C  content 

TABLE  LXXVII 


Vitamin  C  Content  of  the  Milk  of  ( a )  Women  Consuming  Home-grown 
Vegetables  and  ( b )  Women  Consuming  Bought  Vegetables — Reading ,  1941-45 
(AU  results  as  mg.  per  100  ml.  Numbers  of  samples  in  brackets ) 


Quarter 

1941-42 

1942-43 

1943-44 

1944-45 

Home¬ 
grown  Bought 

Home¬ 
grown  Bought 

Home¬ 
grown  Bought 

Home¬ 
grown  Bought 

2 

3 

4 

1 

2- 8(25)  3-3724) 

3- 9(28)  3-7(18) 
2-4(21)  2-5(26) 

3- 1  (56)  2-7  (53) 

4- 4(60)  4-2(33) 
3-8  (45)  4-0  (43) 
2-9  (27)  2-4  (28) 

3  1  (44)  3-1  (38) 
4-5  (24)  4-5  (48) 
4-7(31)  4-2(30) 
3-5  (27)  3-1  (53) 

3- 5  (33)  3-7  (38) 

4- 1  (38)  4-0  (50) 
3-9(51)  3-7(63) 
3-4(18)  3-8(47) 
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of  vegetables  (Olliver,  1936,  1940  ;  Lampitt  et  a/.,  1945a,  b)  and  that 
vegetables  bought  from  shops  contain  less  vitamin  C  than  garden  vegetables 
(Chappell,  1940).  We,  therefore,  compared  the  vitamin  C  content  of  the 
milk  of  these  women  with  that  of  other  Reading  women  who  obtained  all  their 
vegetables  from  shops.  The  results  (Table  LXXVII)  show  no  consistent 
difference  between  the  two  groups  at  any  season  of  the  year.  However,  it  was 
not  possible  to  find  out  how  many  home-grown  vegetables  were  actually 
consumed  in  the  period  immediately  before  the  milk  sample  was  obtained. 


DISCUSSION 

Since  the  variations  in  the  vitamin  C  content  of  milk  between  feeds  and 
between  different  parts  of  the  same  feed  are  small,  the  result  obtained  for  a 
single  sample  is  of  significance,  provided  that  precautions  are  taken  to  prevent 
loss  by  oxidation. 

The  vitamin  C  content  of  milk  is  largely  dependent  on  the  concentration  of 
vitamin  C  in  the  body  tissues  of  the  mother  and  is  therefore  an  excellent  index 
of  her  state  of  nutrition  with  regard  to  this  substance.  We  have  shown,  by 
estimation  of  the  vitamin  C  content  of  foods  as  consumed,  that  many  mothers 
who  secrete  appreciable  amounts  of  vitamin  C  into  milk  retain  for  their  own 
needs  only  a  small  proportion  of  their  intake.  Further  work  of  this  type  is 
required  to  establish  more  closely  the  relation  between  the  dietary  intake  of 
vitamin  C  and  the  vitamin  C  content  of  milk.  Studies  lasting  for  longer  than 
one  week,  in  which  the  intake  of  vitamin  C  is  controlled,  should  give  useful 
information. 

Since  the  vitamin  C  content  of  milk  is  considerably  greater  than  that  of  blood 
plasma,  which  is  generally  below  2-5  mg.  per  100  ml.  (Bicknell  and  Prescott, 
1946),  the  secretory  activity  of  the  mammary  gland  must  play  a  part  in  deter¬ 
mining  the  level  of  vitamin  C  in  milk.  The  vitamin  C  content  of  colostrum 
is  not  very  different  from  that  of  milk  (see  p.  126),  so  that  the  ability  to 
concentrate  vitamin  C  must  be  acquired  by  the  gland  at  a  very  early  stage. 
This  may  be  related  to  the  fact  that  glandular  tissue  generally  is  particularly 
rich  in  vitamin  C  (Bicknell  and  Prescott,  1946). 

There  is  some  evidence  that  the  vitamin  C  content  of  milk  is  related  to  milk 
yield.  This  question  can  be  fully  elucidated  only  by  experiments  in  which  the 
vitamin  C  intake  is  carefully  controlled.  Other  factors  such  as  age  of  the 
mother,  stage  of  lactation  and  parity  could  also  be  studied  in  this  way. 

Much  work  has  been  done  on  the  vitamin  C  content  of  human  milk  and 
we  have  found  references  to  about  70  papers  on  this  subject.  A  summary  o 
results  obtained  in  28  laboratories  is  given  by  Munks  et  al.  (1945).  The  numbers 
of  samples  upon  which  mean  values  were  based  varied  widely  and  in  many 
cases  no  statistical  treatment  is  quoted.  The  valuable  observations  of 
Braestrup  (1939)  who  examined  over  1,500  samples  of  milk  of  Danish  mother 
have  already  been  mentioned  on  p.  135.  It  would  serve  no  useful  purpose  to 
make  detailed  comparisons  of  our  results  for  samples  from  1,499  women  w 
those  of  workers  who  have  examined  the  milk  of  30  to  40  or  of  even  too  . 
Moreover  values  obtained  in  one  country  at  one  season  of  the  year  should 
not  be  compared  with  those  obtained  in  another  throughout  the  year -or  at  a 
different  season.  In  general,  however,  our  results  are  very  s.nu  ar  to  ho^ 
of  other  workers,  most  of  whom  also  have  often  found  low  values  tor  tn 
vitamin  C  content  of  milk,  a  fact  which  must  indicate  a  very  low  intake  of 
vitamin  C  by  many  nursing  mothers. 
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III.  THE  RELATIONSHIP  BETWEEN  THE 
CONSTITUENTS  STUDIED  AND  NUTRITIONAL 

STANDARDS 

I.  A  Study  of  the  Composition  of  Milk  throughout  an  Individual 

Lactation  of  33  Weeks 

by  E.  R.  Bransby,  N.  B.  Bransby,  S.  K.  Kon,  E.  H.  Mawson  and 

S.  J.  Rowland 

The  changes  which  take  place  in  the  content  of  vitamins  and  other  substances 
in  milk  during  the  course  of  lactation  have  been  discussed  earlier  in  this  Report. 
They  are  further  illustrated  by  a  study  of  the  milk  of  N.  B.  B.,  a  33  year  old 
primapara,  from  the  birth  of  her  child  until  the  33rd  week  of  lactation.  Careful 
records  of  food  consumption  and  milk  yield  during  this  period  permit  the 
correlation  of  milk  composition  with  changes  in  dietary  intake  and,  for  certain 
nutrients,  the  calculation  of  the  proportion  of  the  intake  secreted  in  the  milk. 
Deliberate  addition  to,  or  removal  from,  the  diet  of  certain  nutrients  provided 
further  information. 


THE  NUTRIENT  CONTENT  OF  THE  DIET  DURING  THE  LAST 
FOUR  WEEKS  OF  PREGNANCY  AND  DURING  LACTATION 


Records  of  food  consumption  were  started  in  September,  1942,  four  weeks’ 
before  the  birth  of  the  child,  and  were  kept  continuously,  except  for  the  first 
day  in  hospital  and  a  few  other  unavoidable  gaps,  for  32  weeks,  until  the 
average  milk  yield  fell  to  less  than  10  oz.  daily  and  it  was  no  longer  possible 
to  obtain  a  sample  sufficient  for  analysis.  Measurements  of  food  intake  were 
made  by  the  method  of  Widdowson  (1936). 

The  tables  used  in  calculating  the  nutrient  content  of  the  diet  were  the  same 
as  in  the  investigation  of  the  diet  of  Shoreditch  women  by  E.  R.  Bransby  and 

the0^CjaTlT Survey. 152)-  .The  vitamin  A  content  of  cow’s  milk  was  taken 
as  800  l.U.  per  pint.  The  riboflavin  content  of  the  diet  was  calculated  from 
the  best  available  figures  in  the  literature  but  the  results  should  be  treated  with 
some  reserve  since  English  values  were  not  available  for  many  foodstuffs  and 
American  values  had  to  be  used. 


Throughout  the  experiment  the  amounts  of  rationed  foodstuffs  obtainable 
per  head  weekly  by  adults  were  :  fat,  8  oz.  ;  cheese,  3-8  oz.  ;  sugar  8  oz  • 
preserves  4  oz  ;  bacon,  4  oz.  ;  meat,  to  the  value  of  Is.  2d.  During  l’actation 
the  infant  s  rations,  in  the  same  amounts  except  for  meat,  were  shafed  bv  the 
mother  with  other  members  of  the  family  Two  ninK  of  ^  i  ^ 

two  or  more  shell  eggs  weekly  were  consumed  by  the  mother  during  teuton 
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TABLE 

The  Daily  Nutrient  Content  of  One  Woman's  Diet  during  the  Last  Four 


Lactation 

Days 

Week 


Period 


Pregnancy 

Weeks 

ante 

partum 


4  . 
3  . 
2(e) 

ICO 


1-  3  (g) 
4-  8(g) 
9-13  (g) 

3 

4 

5 

6 

7 

8 
9 

10 
11 
12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 


Calories 


Protein 
(, g •) 


Fat 

(g.) 


Carbohydrate 

(g.) 


2,580 

2,420 

2,650 

2,050 


94 

92 

99 

79 


96 

101 

109 

88 


334 

285 

317 

236 


2,510 

121 

106 

267 

2,980 

121 

120 

354 

2,970 

122 

125 

339 

2,980 

109 

121 

363 

3,230 

117 

135 

386 

3,100 

117 

126 

374 

3,250 

117 

137 

387 

2,970 

107 

125 

353 

2,960 

107 

122 

359 

2,870 

107 

120 

341 

2,910 

110 

122 

342 

2,790 

100 

134 

296 

3,110 

110 

140 

352 

3,010 

106 

139 

333 

2,570 

101 

122 

267 

2,300 

88 

113 

233 

2,480 

100 

118 

255 

2,340 

92 

112 

242 

2,780 

104 

129 

300 

2,880 

112 

136 

302 

2,690 

109 

129 

274 

2,890 

106 

135 

313 

2,740 

110 

131 

279 

2,600 

106 

113 

291 

2,490 

96 

113 

272 

2,330 

90 

107 

252 

2,500 

105 

116 

259 

2,600 

105 

129 

254 

2,330 

95 

113 

234 

2,200 

91 

101 

232 

2,420 

93 

110 

265 

Standards  for  Pregnancy  and  Lactation 

Standard 

Protein  Fat  Carbohydrate 

Calories  (g)  (g-) 

Pregnancy 

League  of  Nations 

U.S.A.  National  Research  Council 

3,000  80  —  — 

2,500  85  — 

Lactation 

League  of  Nations 

U.S.A:  National  Research  Council 
(See  note  on  p.  172) 

§g 

I  l 

l  I 

Co 

(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

(g) 

(h) 


Plus^approximately  150  mg.  iron  daily! from [/ablets 
Plus  13  000  I.U.  vitamin  A  from  Multivite  tablets. 

Plus  35*  mg.  vitamin  C  from  “  Multivite  tablets. 
Diarrhoea  for  2  days. 

Diarrhoea  all  week. 

0  g.  ascorbic  acid  daily  given  during  this  week. 
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Weeks  of  Pregnancy  and  during  Lactation  ( Baby  born  9.10.42) _ 

Calcium  Iron  Vitamin  A  Carotene  Vitamin  Bx  Riboflavin  Vitamin  C 

(*.)  (mg.)  (At/.)  (At/.)  (a)  (mg.)  (mg.)  (mg.) 


1-8 

23(b) 

3,800 (c) 

1-9 

2,700 

1-8 

21(b) 

4,800 

1-5 

12 

4,000 

16,100  1-6  2-2 

8,700  1-6  1-9 

15,900  1-9  2-2 

1,200  1-3  1-7 


\20(d) 

110 

80 

25 


2-2 

12 

3,100 

3,500 

0-9 

2-5 

25 

2-4 

16 

3,200 

11,900 

1-5 

2-2 

60 

2-3 

22 

4,800 

10,300 

1-4 

2-7 

70 

21 

24 

2,800 

24,700 

2-3 

2-3 

130 

2-4 

26 

4,500 

28,500 

21 

2-8 

130 

2-2 

21 

3,300 

15,800 

2-3 

2-5 

150 

21 

21 

3,500 

19,800 

2-4 

2-5 

160(A) 

20 

20 

3,200 

17,100 

2-1 

2-3 

150 

21 

18 

3,000 

8,900 

20 

2-3 

120. 

1-7 

19 

2,700 

36,100 

1-7 

2-2 

IQ 

20 

15 

3,400 

35,700 

1-7 

2-2 

10 

1-9 

18 

5,500 

33,900 

1*6 

2-5 

10 

1-9 

17 

3,200 

29,900 

1-9 

2-4 

10 

2-1 

17 

3,300 

34,500 

20 

2-5 

10 

2-1 

15 

2,900 

6,100 

1-7 

2-2 

70 

1-7 

15 

3,300 

1,700 

1-6 

21 

50 

1-8 

17 

3,000 

3,000 

1-7 

2-3 

50 

1-8 

14 

3,100 

8,900 

1-4 

2-4 

50 

2-0 

19 

2,900 

4,700 

1-7 

21 

50 

2-5 

14 

3,100 

3,100 

1-7 

2-5 

60 

2-3 

17 

4,300 

1,100 

20 

2-6 

40 

2-0 

15 

3,500 

6,100 

1-8 

2-5 

50 

2-0 

18 

3,400 

2,900 

1-9 

2-3 

40 

2-0 

11 

3,000 

7,100 

1-8 

2-4 

60 

2-1 

12 

3,200(/) 

13,600(0 

1-8 

2-4 

70 

1  •  6 

11 

2,900 

700 

1-6 

2-2 

50 

2-3 

13 

3,400(y) 

6,000(y) 

1-8 

2-5 

50 

2- 1 

14 

3,200 

3,800 

1-7 

2-4 

60 

2- 1 

12 

3, 100(A) 

12, 200(A) 

1-6 

21 

50 

20 

13 

2,800 

9,400 

1-5 

2-2 

70 

2- 1 

10 

2,600(/) 

2,600(/) 

1-5 

2-2 

50 

(Sources  given 

on  page  1 44) 

Calcium 

(g-) 

Iron 

(mg) 

Vitamin  A 
(At/.) 

Carotene 

(At/.) 

Vitamin  Bv 
(mg.) 

Riboflavin 

(mg.) 

Vitamin  C 
(mg.) 

1-5 

1-5 

13 

15 

5,000 

6,000 

— 

1-8 

1-8 

2-5 

45 

100 

1-5 

20 

on  Table 

13 

15 

5,000 

8,000 

— 

1-8 

20 

30 

45 

150 

0>  Carotene^finishedCarOIene  '*8Un  during  ,his  *“k- 

(0  S  ttsK0""  A  8iV“  du™8  «*■ 


No  food  records  were  kept  during  weeks  15  anH  i*  .  , 

8  s  15  and  16  *  the  latter  was  in  reality  only  a  5-dav 


period 


w«ks  17  and  onward  are  7-day  periods  but  begin  2  days 


earlier  than  previous  periods. 
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Dried  eggs  were  purchased  as  desired.  Of  unrationed  foods,  liver  was  obtained 
once  every  two  or  three  weeks  at  first,  less  frequently  later,  and  fish  less  than 
once  a  week.  National  Wheatmeal  bread  was  eaten  and  there  were  ample 
supplies  of  home-made  preserves  and  home-grown  fruit  and  vegetables. 
The  vitamin  C  content  of  the  diet  was  deliberately  reduced  during  the  9th  to 
13th  weeks  inclusive.  Details  of  this  change  will  be  given  when  the  vitamin  C 
content  of  milk  is  considered. 

The  values  obtained  for  the  nutrient  content  of  the  diet  are  given  in 
Table  LXXVIII  and  the  recommended  allowances  of  the  League  of  Nations 
(as  quoted  by  Magee,  1943)  and  of  the  U.S.A.  National  Research  Council  (1945)* 
are  included  for  comparison.  It  will  be  seen  that,  by  taking  advantage  of  the 
special  allowances  for  pregnant  and  lactating  women  and  of  such  unrationed 
foodstuffs  as  were  available  in  addition  to  the  ordinary  rations,  it  was  possible 
for  a  mother  in  England  in  wartime  to  obtain  a  high  proportion  of,  or  all,  the 
recommended  allowances  of  nutrients.  The  intake  of  vitamin  A  must  have 
reached  in  most  weeks  the  League  of  Nations  standard  and  the  National  Research 
Council’s  recommendations.  The  riboflavin  content  of  the  diet  was  somewhat 
lower  than  that  recommended  by  the  latter  authority.  In  the  early  part  of 
lactation,  i.e.,  during  October  and  November,  the  very  high  standard  set  for 
vitamin  C  by  the  National  Research  Council  was  reached  in  some  weeks  and 
very  nearly  so  in  others.  After  Christmas  this  was  not  possible  but  the  lower 
allowance  suggested  by  Magee  (1943)  was  obtained  without  difficulty. 

The  difference  between  these  results  and  those  obtained  for  Shoreditch 
women  (p.  155)  can  be  attributed  to  the  fact  that  the  latter  did  not  take 
advantage  of  their  allowance  of  milk  and  did  not  make  as  good  use  as  they 
might  have  done  of  home-grown  vegetables  as  a  source  of  vitamin  C. 


THE  CONTENT  OF  VITAMINS  AND  OTHER  NUTRIENTS  IN  MILK 
DURING  A  LACTATION  PERIOD  OF  33  WEEKS 

Milk  samples  were  usually  obtained  thrice  weekly  and,  in  all,  81  samples  were 
obtained  during  33  weeks.  A  complete  expression  of  one  breast  was  obtained 
at  the  6.0  a.m.  feed  and  sent,  on  ice,  to  the  laboratory,  the  usual  precautions 
being  taken  for  protection  from  light.  As  the  milk  had  to  be  transported  a 
considerable  distance  it  was  necessary  to  take  the  sample  in  the  early  morning 
instead  of  at  10.0  a.m.  in  order  that  the  analyses  could  be  carried  out  on  the 
same  day  For  this  reason  the  values  found  for  fat  and  riboflavin  content 
are  too  low  (pp.  19  and  105)  and  not  representative  of  all  the  milk  secreted  In 
consequence,  the  results  for  vitamin  A  and  carotenoids  expressed  per  100  m  . 

m  TThealmetlK»dsW of  analysis  were  those  already  described.  Milk  yield  was 
assessed  by  the  usual  meLd  of  test  weighing,  and  the  volume  of  any  samples 
taken  was  included  in  calculating  the  total  yield. 

Fat  Content  ,  .  . 


*  See  note  on  p.  172. 
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24th  week  when  the  milk  yield  had  risen  beyond  this  level,  the  fat  content 
was  less  than  2-0  g.  per  100  ml.  After  the  25th  week,  when  the  milk :  yield  fell, 
the  fat  content  increased  again.  This  finding  is  in  agreement  with  those  of 
Widdows  and  Lowenfeld  (1933),  already  referred  to  on  page  22,  that  although 
women  whose  milk  yield  is  habitually  low  do  not  secrete  milk  richer  in  fat 
than  that  of  other  women,  fluctuations  in  the  quantity  of  milk  produced  by 
an  individual  woman  may  be  accompanied  by  changes  in  the  fat  content  ot 

milk. 

Although  the  fat  content  of  milk  samples  obtained  at  6.0  a.m.  is  normally 
lower  than  that  of  samples  obtained  later  in  the  day,  the  values  found  in  this 
study  seem  to  us  to  be  unusually  low.  We  have  no  entirely  comparable  figures, 
but  Table  IV,  p.20  shows  that  the  fat  content  of  “  overnight  ”  samples,  when  the 
interval  since  the  last  feed  was  longer  than  in  this  case,  was  around  3  0  g.  per 
100  ml.  As  the  fat  content  of  the  diet  was  satisfactory,  it  is  unlikely  that  the  low 
fat  content  observed  in  the  present  study  was  of  nutritional  origin.  It  may 
have  been  due  to  some  slight  abnormality  in  the  functional  activity  of  the 
mammary  gland. 


Solids-not-fat  Content 

The  content  of  solids-not-fat  in  milk  showed  the  same  tendency  to  decrease 
during  lactation  as  was  found  in  the  main  experiment.  Similarly,  the  total 
nitrogen,  high  at  first,  fell  steadily.  The  lactose  content  was  low  at  the  beginning 
and  then  increased.  These  trends  are  shown  in  Table  LXXIX,  which  contains 
the  results  for  all  the  constituents  examined.  The  mean  daily  output  in  milk  of 
solids-not-fat,  total  nitrogen,  and  lactose  has  been  calculated  and  is  included  in 
this  table. 


Vitamin  A  and  Carotenoids 


The  vitamin  A  content  of  the  milk  fat,  high  at  the  beginning  of  lactation, 
fell  rapidly  for  a  short  time  and  then  more  slowly,  the  general  trend  being 
similar  to  that  shown  by  the  composite  curve  (p.  45).  Changes  in  carotenoids, 
however,  differed  somewhat  from  those  observed  for  single  samples  from 
a  large  number  of  women  at  different  stages  of  lactation  (p.  42).  A  comparison 
of  the  carotene  intake  in  Table  LXXVIII  with  the  carotenoid  content  of  the 
milk  fat  in  Table  LXXIX  shows  that  the  two  were  related.  In  the  early  part 
of  lactation  the  consumption  of  carotene  was  high  and  after  a  temporary 
fall  in  the  8th  week  it  increased  still  further.  This  was  due  to  the  consumption 
of  large  quantities  of  carrots  during  the  period  of  restricted  vitamin  C  intake 
and  explains  why  the  carotenoid  content  of  the  milk  fat  remained  high.  After 
the  13th  week  the  carotene  intake  decreased  and  the  carotenoid  content  of  the 
milk  fell  to  6  ng.  per  g.  fat  and  remained  at  about  this  level  until  towards  the 
end  of  lactation  when  the  carotene  intake  was  deliberately  increased. 


In  comparisons  made  on  the  basis  of  concentration  of  vitamin  A  in  milk  fat, 
results  for  one  woman  cannot  be  compared  with  the  general  mean.  The  very 
low  fat  content  of  these  samples  would  naturally  lead  to  a  higher  concentration 
of  vitamin  A  and  carotenoids  in  the  milk  fat  (p.  37).  Values  given  for  the 
vitamin  A  and  carotenoid  content  per  100  ml.  milk  are  probably  too  low  as  the 
fat  content  of  samples  taken  later  in  the  day  would  have  been  higher  *  If  the 

„“n.t5|t  of  t,he  wh°le  outPut  was  2-5  g.  per  100  ml.  the  vitamin  A  content 
at  the  17th  week  would  not  differ  markedly  from  our  other  results. 
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TABLE 


The  Yield  and  Composition  of  Milk  and  its  Output  of  Certain 


Stage 

of 

lacta¬ 

tion 

Number 

of 

samples 

Solids- 
not-fat 
(g-  Per 
100  ml.) 

Lactose 
(g.  per 
100  ml.) 

Total 
nitrogen 
(mg.  per 
100  ml.) 

Fat 
( g ■  Per 
100  ml.) 

Vitamin  A 

j 

Carotenoids 

(I.U. 

per 

100  ml.) 

(I.U. 
per 
g •  fat) 

(yg- 

per 

100  ml.) 

(yg- 

per 
g •  fat) 

Days  1- 

-3 

1 

9-17 

6-35 

275 

1- 

75 

416 

237 

245  0 

1390 

4-8 

2 

908 

6-35 

285 

2- 

49 

361 

246 

1440 

580 

9- 

13 

2 

915 

6-89 

231 

2- 

75 

307 

112 

75-6 

27-4 

Week 

3 

2 

915 

7-20f 

216 

2- 

17 

166 

76 

35-9 

16-5 

4 

3 

911 

7-12 

197 

2- 

19 

157 

72 

28-2 

12-8 

5 

3 

907 

706 

186 

2- 

34 

149 

64 

28-3 

120 

6 

3 

8-91 

6  91 

180 

2- 

52 

149f 

59f 

25- 5f 

9-5f 

7 

3 

8-94 

7-36 

181 

2- 

36 

149 

63 

26-8 

11-4 

8 

3 

900 

6-84 

167 

2- 

48 

156 

63 

27-6 

11-1 

9 

3 

8-97 

7-24  J 

188 

2- 

34 

137 

59 

21  -9 

9-3 

10 

3 

8-93 

6-80J 

184 

1- 

88 

115 

61 

19-6 

10  4 

11 

3 

902 

7-09 

173 

1 

89 

103 

55 

160 

8-4 

12 

2 

8-97 

7-50 

163 

1 

56 

92 

59 

13-2 

8-4 

13 

2 

8-81 

7-21 

169 

1 

55 

90 

58 

12-5 

8-1 

14 

3 

8-91 

— 

1 65  f 

1 

62 

84 

52 

12-6 

7-8 

15 

3 

8-80 

_ 

167 

1 

66 

76 

46 

10-5 

63 

16 

1 

8-89 

_ 

159 

1 

82 

84 

46 

11-5 

6-3 

17 

2 

8-92 

— 

155f 

1 

80 

84 

46 

11-9 

6-6 

18 

1 

9-21 

- 

166 

1 

45 

67 

46 

7-9 

5-4 

19 

3 

8-91 

_ 

157t 

1 

62 

70 

43 

8-9 

5-5 

20 

3 

8-79 

_ 

1 

91 

84 

44 

10-7 

5-6 

21 

2 

8-84f 

_ 

— 

1 

69 

83 

49 

10  6 

6-3 

22 

3 

8-81 

, 

— 

1 

79 

91 

51 

10-5 

5-9 

23 

3 

8-75 

_ 

_ 

1 

85 

93 

50 

12-3 

6-6 

24 

2 

8-73 

__ 

— 

1 

•84 

85 

46 

12-1 

6-6 

25 

3 

8-90 

__ 

_ 

2 

•21 

104 

47 

13-6 

6- 1 

26 

2 

8-79 

_ 

_ 

2 

•40 

135f 

58f 

161 

6-7 

27 

2 

8-77 

_ 

_ 

2 

•04 

128 

62 

18-9 

9-2 

28 

3 

8-76 

_ 

_ 

2 

•31 

119 

52 

21-9 

9-5 

29 

30 

31 

32 

33 

2 

2 

2 

3 

1 

8-81 

910 

8-60 

8-65f 

— 

2 

2 

2 

1 

2 

•75 

•55 

•55 

•96 

•71 

136 

130 

153 

144 

252 

49 

51 

60 

73 

93 

24-9 

21-8 

23-1 

260 

42-8 

9- 1 
8-5 
91 
13-2 
15-8 

*  Mean  yield  on  2nd  and  3rd  day  only, 
t  Value  for  one  sample  only. 


Notes  on 


Stage  of  lactation.  Up  to  and  including  the  1 5th  week,  these  are  correct. 

Week  16  (no  dietary  data)  is  really  only  a  five-day  period.  f 

Weeks  17  onwards  are  all  seven-day  periods  but  begin  two  days  ahead  of  the  true  week 

NumlTlfLples  is  .he  number  received  during  the  period  and  all  values  are  means  for  this 
number  except  where  specially  noted  (see  t  and  +)•  , 

Fa,.  All  values  are  for  6  a.m.  samples  and  therefore  do  not  represent  the  true  fa.  content 

a  24-hour  specimen.  .  .•  „  n^nn  ni  riailv 

Vitamin  A  and  carotenoids.  Dur^fh*%th  3  ist?  weeks  lMOOl.U^daily’of  vitamin  A. 
of  carotene  was  given  and  during  the  30th  ana  jisi  wcck>  , 
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LXXIX 

Constituents  throughout  a  Single  Lactation  ( Baby  born  9.10.42) 


Vitamin  B1 
(yg-  per 
100  ml.) 


3 

5 

10 

14 

15 

16 
16 

15 
14 
14 
16* 
17 
17t 
19 
i7: 

16 
17 
16f 

17 

18 
is: 
16 
16 
17 
16 
14 
10f 
12t 

14 


Ribo¬ 
flavin 
(U-g-  Per 
100  ml.) 


Vitamin 
(mg.  per 
100  ml.) 


Milk 

yield 

(ml. 

daily) 


Daily  output  in  milk 


Solids- 

not-fat 

(g) 


Lactose 
(g) 


16 

6-3 

355* 

19 

5-5 

580 

52-6 

31-8 

17 

5-9 

635 

581 

43-7 

27 

5-9 

630 

57-8 

45-4 

24 

6-2 

660 

60- 1 

47-1 

23: 

6-2 

675 

61-2 

47-7 

24 

6-6 

630 

56-2 

43-6 

26 

6-2 

610 

54-6 

450 

29 

5-3 

620 

55-8 

42-4 

26 

50 

690 

61  -9 

500 

23 

4-4 

705 

63- 1 

480 

26 

3-6 

730 

660 

52-1 

24 

2-5 

790 

70-8 

59-2 

23 

2-3 

810 

71-3 

58-4 

26 

2-8 

835 

74-5 

31 

3-4 

850 

74-7 

32 

4-3 

_ 

21 

4-3 

815 

72-8 

25 

40 

870 

800 

28 

4-1 

860 

76-5 

29: 

4-2f 

870 

76-3 

31 

40 

800 

70-6 

42 

3-8 

745 

65-8 

34 

3-9: 

710 

62-2 

34 

3-7 

710 

62- 1 

35 

3-7 

710 

63-2 

34 

4-3 

675 

59-4 

— 

4-9 

570 

500 

— 

5-6: 

565 

49-5 

31 

50 

450 

39-6 

51 

410 

37-3 

— 

5-4 

395 

340 

— 

215 

18-6 

— 

- - 

Total 
nitrogen 
(g) 


1  -65 
1-47 

1  -  36 
1  30 
1-26 


14 

10 


104 
1-30 
1  -  30 
1  -28 
1  -28 
1-37 
1  -38 
1  -42 

1-26 
1-46 
1  -35 


+  Mean  for  two  samples. 


Vitamin  B1 


(y-g-) 


29 

64 

88 

99 

108 

101 

92 

87 

97 

113 
125 
134 

154 
142 
136 

130 

149 

155 
157 
128 
119 
121 

114 
99 
59 
68 


Vitamin  C 


(mg.) 


31  -9 
37-5 


37- 
41 
420 
41-6 
37- 
32- 
34- 
31 
26- 
19- 
18- 
23-4 
290 


•2 

•0 


•7 

•7 

6 

3 

•5 

•7 

6 


35 

35 

35' 

36- 


32  0 


28 

27 

26 

26 

29 

28- 

25- 

20- 

20- 

20- 


Table 

—Pies  and  therefore  do  not  represent  the  true  riboflavin 
reduced' (s^Tanb1eWLXXVI III lnC'US1Ve  Vitam'n  C  content  of  *he  diet  was  deliberately 

of  any  sanS^^n^^  °n  the  rCSU,tS  of  test  wei«hing  to  which  was  added  the  volume 
Daily  output  in  milk.  Figures  for  fat  •  * 

(87978) 
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TABLE  LXXX 

The  Influence  of  the  Administration  of  Vitamin  A  and  Carotene  on  the  Vitamin  A 
and  Carotenoid  Content  of  the  Milk  Fat  and  Blood  Plasma  of  One  Woman 


Milk 

Blood  plasma 

Week  of 

Vitamin  A 

Carotenoids 

Vitamin  A 

Carotenoids 

experiment* 

(/.  U.  per  g.  fat) 

(US-  per  g.  fat ) 

(/.  U.  per  100  ml.)  ([zg-.  per  100  ml.) 

Control  period 

- 

1 

40 

5-8 

114 

90 

2 

49 

5-5 

113 

96 

3 

51 

6-7 

— 

— 

4 

50 

6-6 

— 

— 

5 

48 

6-3 

— 

— 

6 

50 

6-4 

— 

— 

Carotene 

12,600  I.U.  daily 

116 

7 

68 

7-7 

104 

8 

53 

9-8 

122 

143 

Control  period 

9 

53 

9-5 

— 

— 

10 

47 

8-6 

107 

116 

Vitamin  A 
13,800  I.U.  dailv 

112 

143 

1 1 

58 

80 

12 

65 

10-9 

120 

153 

Control  period 

13 

89 

16  2 

108 

150 

An  attempt  was  made  to  study  the  effect  of  the  administration  of  additional 
carotene  and  vitamin  A  on  the  content  of  these  substances  in  milk  fat,  as  was 
done  later  with  Mrs.  Shoenberg  (p.  48).  The  results  are  shown  in  Table  LXXX 
It  should  be  noted  that  the  weekly  periods  in  this  table  do  not  coincide  wi 
those  in  Table  LXXIX  and  this  accounts  for  the  difference  in  the  mean  week  y 
values  The  long  initial  control  period  was  due  to  delay  in  obtaining  a  suitable 
preparation  of  carotene.  Unfortunately,  it  was  not  possible  to  start  giving 
thisPuntil  the  26th  week  of  lactation  when  the  milk  yield  was  beginning  to  drop. 
As  shown  on  page  46,  the  vitamin  A  and  carotenoid  content  of  milk  fat  is 
affected  by  changes  in  milk  yield  and  consequently  the  results  are  difficult  to 
t  Tt  chmild  be  noted  that  the  amounts  of  vitamin  A  and  carotene 
givenTn  this  experiment  were  only  half  as  large  as  those  given  to  Mrs.  Shoenberg. 
and  to  the  women  in  Hammersmith  Hospital  (p.  5  ). 

Vitamin  Bx  beeinning  of  lactation  and 

as  sa ass 
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occasions  there  was  only  enough  milk  available  for  the  measurement  of 
vitamin  A  and  carotenoids.  The  total  amount  of  vitamin  Bx  secreted  into  milk 
proved  relatively  small.  It  only  once  exceeded  10  per  cent,  of  the  dietary 
intake,  and  was  usually  much  less. 

Riboflavin  *  .  .  run 

Since  all  samples  were  taken  at  6.0  a.m.,  the  riboflavin  content  of  the  milk 

was  not  immediately  influenced  by  the  riboflavin  content  of  meals.  Although 
the  results  fluctuated  considerably,  the  concentration  in  milk  tended  to  increase 
slowly  during  lactation.  This  may  have  been  due  to  an  improvement  in 
riboflavin  nutrition.  Although  our  figures  for  riboflavin  intake  are  less  reliable 
than  for  other  nutrients,  there  is  a  suggestion  that  the  intake  was  higher  during 
lactation  than  in  pregnancy.  This  would  be  expected,  since  the  total  allowance 
of  two  pints  of  milk  was  consumed  during  lactation  but  only  one  pint  during 
pregnancy. 


Vitamin  C 

At  the  beginning  of  lactation  the  vitamin  C  content  of  the  milk  was  high, 
about  6  mg.  per  100  ml.  The  vitamin  C  content  of  the  diet  was  low  immediately 
before  qnd  after  childbirth  but  it  had  been  high  previously,  and  the  period  of 
reduced  intake  was  not  long  enough  to  influence  appreciably  the  content  in 
the  milk.  Mean  weekly  values  for  the  latter  are  given  in  Table  LXXIX  and 
individual  values  in  Fig.  19.  In  the  6th  week  of  lactation  large  doses  of 
vitamin  C,  0-5  g.  and  then  1-0  g.  daily,  were  taken.  As  this  did  not  affect 
the  vitamin  C  content  of  the  milk,  it  was  concluded  that  a  saturation  level 
was  being  maintained  with  an  intake  of  approximately  140  mg.  daily,  of  which 
only  about  40  mg.  was  secreted  into  the  milk. 

In  the  9th  week  of  lactation  the  vitamin  C  content  of  the  diet  was  deliberately 
reduced  to  about  10  mg.  daily.  This  was  done  by  almost  entirely  eliminating 
from  the  diet  greens,  and  root  vegetables  except  carrots.  If  eaten  at  all,  these 
were  overcooked  and  reheated  before  being  served.  Carrots  and  potatoes 
were  boiled  at  least  an  hour  before  the  meal  and  kept  hot  before  being  eaten. 
Roast  potatoes  were  boiled  before  roasting  and  no  chips  were  eaten.  Fruit 
was  not  taken,  and  all  cow’s  milk  was  consumed  on  the  day  following  delivery 
It  would  have  been  preferable  if  vegetables  had  also  been  excluded  entirely 
but  other  foods  were  not  available  in  sufficient  quantity  to  make  this  possible 
As  it  was,  the  diet  became  very  monotonous  towards  the  end  of  the  five  weeks! 
During  this  period  the  vitamin  C  content  of  the  milk  fell  steadily  from  5-6 
to  2  -3  mg.  per  100  ml.  and  the  total  amount  of  vitamin  C  secreted  in  the  milk 
was  considerably  greater  than  that  consumed.  The  amount  provided  from  the 
body  reserves  for  secretion  into  milk  was  approximately  0-5  g.  in  5  weeks 

*n  January,  When  ?  normal  diet  was  resumed,  the  amount  of  vitamin  C 
available  from  vegetables  had  undergone  the  usual  seasonal  change  and  until 
the  end  of  lactation  was  little  more  than  50  mg.  daily.  The  vitamin  C  conten 
of  the  mint  rose  in  two  weeks  to  4  mg.  per  100  ml.  and  was  maintained  at  that 
level  until  the  25th  week.  During  this  time  about  30  mg.  of  vitam"n  C  da»v 
or  two-thirds  of  the  daily  intake,  was  secreted  into  the  milk.  This  confirms  our 

Stfl eX^ke.^  131  COnCerning  the  Pr0pOTti°"  °f  vitamin  C  ™ 

TtS’^T?  ^  **  concentration^ 

although  the  dietary  intake  was  unchanged.  k  lncreased> 
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human  milk 


WEEK  OF  LACTATION 

Fig.  19.  Variations  in  the  vitamin  C  content  of  milk  with  changes  in  vitamin  C  intake  during  an  individual  lactation.  The 
approximate  daily  intakes  of  vitamin  C  at  different  stages  are  indicated  thus  10  mg. 
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No  far-reaching  conclusions  can  be  drawn  from  a  study  of  an  individual 
lactation,  except  in  so  far  as  they  bear  out  the  findings  of  less  intensive  studies 
with  larger  numbers  of  women.  However,  we  consider  that  this  study 
additional  value  as  an  example  of  the  sort  of  investigation  which,  if  carried  out 
with  a  number  of  women,  might  yield  useful  information  that  could  not  be 
obtained  from  examination  of  random  samples.  Certain  improvements  in 
technique  could  be  made,  especially  in  the  method  of  obtaining  samples  lor 
measuring  the  content  of  fat,  fat-soluble  vitamins,  and  riboflavin. 
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It  was  of  importance  to  learn  as  much  as  possible  about  the  nutrient  intake  of 
the  women  whose  milk  we  examined  for  vitamins  and  other  constituents.  For 
reasons  which  were  stated  in  the  general  introduction  to  this  Report,  it  was 
not  possible  to  carry  out  a  dietary  survey  concurrently  with  the  collection  of 
milk  samples  for  analysis.  However,  three  separate  surveys  were  made  of  the 
food  consumed  by  small  numbers  of  lactating  women  at  Shoreditch.  The  first 
of  these  was  organized  by  E.  R.  Bransby  in  the  latter  part  of  1942  and  carried 
out  with  the  assistance  of  the  Shoreditch  Health  Visitors.  The  second  survey 
was  made  in  February,  1943,  by  the  Oxford  Nutrition  Survey  (H.M.S.  and 
W.C.).  The  third  and  largest  survey  was  conducted  during  1944-45  by  the 
Social  Survey,  then  known  as  the  Wartime  Social  Survey  (G.W.  and  E.M.R.). 
This  investigation  lasted  a  year  but  an  interruption  of  nearly  four  months  was 
caused  by  flying  bombs  and  rockets.  One  or  more  milk  samples  were  obtained 
from  most,  but  not  all,  of  the  women  whose  diets  were  investigated  in  the  three 

surveys.  .  .  •  c  * 

Calculations  were  made  of  the  content  in  the  diets  of  calories,  protein,  a  , 

carbohydrate,  calcium,  iron,  vitamin  A,  carotene,  vitamin  Bx  and  vitamin  C. 
Calculations  of  riboflavin  content  were  made  only  by  the  Oxford  Nutrition 

Survey. 


METHODS  USED  IN  THE  DIETARY  SURVEYS 

The  method  of  collecting  information  on  food  consumption  and  of  calculating 
the  nutritive  values  of  the  diets  was  the  same  in  the  first  and  third  surveys, 
except  that  the  method  of  measuring  food  with  simple  utensils,  which  was  *n 
experimental  stage  at  the  time  of  Bransby’s  survey  in  >942  was  later  modified 
•  liaEt  nf  the  exoerience  gained.  Details  of  the  modified  meth 
in  the  third  survey  with  lactating  women  at  Shoreditch  have  been  given  y 
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Bransby  and  Wagner  (1945).  On  account  of  its  experimental  character, 
somewhat  less  reliance  should  be  placed  on  the  results  of  the  first  survey  than 
on  those  of  the  others.  The  nutrient  content  of  the  diets  in  the  first  and  third 
surveys  was  calculated  from  the  values  and  the  allowances  for  cooking  losses 
given  in  the  Tables  of  Nutritive  Values  of  Wartime  Foods  (Medical  Research 
Council,  1945),  supplemented  where  necessary  by  those  of  McCance  and 

Widdowson  (1940).  . 

In  the  Oxford  Nutrition  Survey’s  investigation,  information  on  food 
consumption  was  obtained  by  the  method  of  weighing  individual  diets  used  by 
McCance,  Widdowson  and  Verdon-Roe  (1938).  Nutrient  values  were  obtained 
from  the  tables  of  the  Oxford  Nutrition  Survey,  which  were  compiled  from  various 
sources,  published  and  unpublished,  and  represent  the  nutrients  in  the  food  as 
eaten  except  for  calories,  which  are  expressed  as  those  physiologically  available  ; 
carbohydrate  is  expressed  as  starch. 

In  all  three  surveys  the  measurements  of  the  food  eaten  were  made  by  the 
mothers,  supervised  in  Bransby’s  investigation  by  the  Shoreditch  Health 
Visitors,  and  in  the  other  two  by  members  of  the  survey  concerned.  Frequent 
visits  were  made  to  the  home  to  ensure  that  instructions  given  were  in  fact  being 
followed,  and  the  investigators  are  satisfied  that,  on  the  whole,  the  records 
were  carefully  kept. 


THE  NUTRIENT  CONTENT  OF  THE  DIET  OF  SHOREDITCH  WOMEN 

AS  SHOWN  IN  THREE  SURVEYS 

Table  LXXXI  gives  the  mean  composition  of  the  diet  of  Shoreditch  women  as 
found  in  the  three  surveys.  In  addition,  the  Social  Survey  investigated  the  food 
consumption  of  11  lactating  women  living  in  the  neighbouring  borough  of 
Stepney  from  whom  no  milk  samples  were  obtained.  The  Social  Survey 
results  are  therefore  given  both  with  and  without  the  values  found  for  these 
Stepney  women. 

In  general,  the  results  of  the  three  surveys  are  similar.  The  mean  daily 
consumption  of  fat  and  protein  was  almost  the  same  and  the  very  slight 
differences  in  calorie  intake  can  be  attributed  to  corresponding  differences  in 
the  consumption  of  carbohydrate.  The  calcium  intake  varied  little,  but 
significantly  less  iron  was  consumed  by  the  women  investigated  by  the  Social 
Survey. 

For  vitamins  the  results  of  the  three  surveys  are  not  in  such  good  agreement 
This  was  probably  due  largely  to  the  great  individual  variations  in  the  consump¬ 
tion  of  foods,  mostly  unrationed,  containing  vitamin  A,  carotene  and  vitamin  C. 
It  should  also  be  noted  that  the  tables  of  vitamin  values  of  foods  used  by  the 
Oxford  Nutrition  Survey  differed  from  those  used  in  the  other  two  surveys 
Seasonal  variations  in  the  foods  available  for  consumption  are  another  reason 
lor  differences  between  surveys,  especially  for  vitamin  C  (see  also  p  135) 
Bransby  s  survey  was  carried  out  during  the  autumn  when  green  vegetables 
were  plentiful,  whereas  the  Oxford  Nutrition  Survey’s  investigation  was  made 
n  February  when  vegetables  generally  were  less  plentiful.  The  Social  Survev 

r0“  w“,fbr inc,uded  a  -iod  -  ^  * -SS5 

vaS:  aTdhT" 

senes  of  results  was  obtained  largely  before  £  flyJgtmb^acL 
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TABLE  LXXXI 

Mean  Composition  of  Diets  Consumed  by  Lactating  Women  at  Shoreditch  as  Found  in  Three  Surveys 

{All  values  are  mean  daily  intakes  for  a  period  of  one  week) 
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Includes  results  for  11  mothers  living  in  the  neighbouring  borough  of  Stepney  from  whom  no  milk  samples  were  obtained.  f  p.g. 
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TABLE  LXXXII 

Variations  in  the  Nutrient  Intake  of  Lactating  Women  at  Shoreditch  Found  by 

the  Social  Survey  during  1944-A5 


(All  values  are  mean  daily  intakes  for  a  period  of  one  week ) 


Constituent 

lit  period 
April-July,  1944 

2nd  period 
Nov.-Dee.,  1944 

3rd  period 

Jan. -March,  1945 

25  women 

7  women 

18  women 

Mean  Standard 

value  deviation 

Mean  Standard 
value  deviation 

Mean  Standard 

value  deviation 

Calories 

Total  protein  (g.) 

Fat  (g.)  . 
Carbohydrate  (g.) 
Calcium  (g.) 

Iron  (mg.) 

Vitamin  A  (I.U.) 
Carotene  (I.U.) 

Vitamin  (mg.) 
Vitamin  C  (mg.) 

2,320  568 

88  22 

92  19 

285  88 

1-2  0-35 

12  3-9 

2,470  1,257 

615  853 

1-41  0-46 

55  45 

2,620  711 

96  25 

104  26 

325  110 

1-2  0-25 

13  4-2 

3,227  3,100 

827  649 

1-47  0-56 

69  28 

2,438  518 

87  19 

106  22 

284  57 

1-3  0-41 

12  3-3 

2,009  909 

780  666 

1 -23  0-38 

72  49 

13th  June,  1944.  Rocket  attacks  began  on  8th  September  and  continued  until 
27th  March,  1945.  The  nutrient  intakes  in  the  second  and  third  periods  differed 
little  from  those  in  the  first,  which  suggests  that  the  food  habits  of  these  women 
were  not  greatly  upset  by  air  raids.  This  conclusion  does  not  necessarily 
embrace  all  lactating  women,  since  those  who  were  willing  to  make  measurements 
at  this  time  were  probably  those  least  affected  by  the  raids.  The  difference 
in  intake  of  vitamin  A  between  the  third  period  and  the  first  is  due  to  a  difference 
in  the  values  for  the  vitamin  A  content  of  cow’s  milk  listed  in  the  tables  used 
for  calculation  (Medical  Research  Council,  1945),  the  winter  value  being 
half  the  summer  one.  The  decreased  intake  of  vitamin  Ba  in  the  second  and  third 
periods  was  due  to  the  decreased  vitamin  Bx  content  of  flour  resulting  from  the 
decreased  extraction  rate  (p.  98).  The  vitamin  C  intake  in  the  first  and  second 
periods  showed  the  usual  seasonal  trend.  The  high  figure  found  in  the  third 
period  can  be  attributed  to  the  consumption  of  imported  citrus  fruit. 


THE  NUTRIENT  INTAKE  OF  SHOREDITCH  WOMEN  IN  RELATION  TO 
ESTIMATES  OF  REQUIREMENTS  FOR  LACTATING  WOMEN 

In  Table  LXXXIII  are  set  out  the  mean  weekly  intakes  of  principal  foodstuffs, 
as  found  by  the  Social  Survey,  together  with  the  amounts  of  rationed  foods 
available  at  that  time  to  lactating  mothers.  Table  LXXXIV  gives  the  daily 
allowances  of  nutrients  suggested  for  lactating  women  by  the  League  of  Nations 
(Magee,  1943)  and  the  U.S.A.  National  Research  Council  (1945).*  They  also 
show  the  proportion  of  women  in  each  survey  who  actually  received  these 
allowances  the  proportion  who  received  70-100  per  cent.,  and  the  proportion 
who  received  less  than  70  per  cent.  Though  these  standards  are  useful  yardsticks 

wide  vSn  of  diets> il  should  not  be  forgotten  that  there  are  very 

wide  variations  in  individual  requirements. 


*  See  note  on  p.  172, 


TABLE  LXXXIII 

Mean  Weekly  Intakes  of  Principal  Foods  Found  in  the  Social  Survey  Investigation 
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Excluding  fresh  (untinned)  fish  which  was  unrationed. 


TABLE  LXXXIV 

Proportion  of  Women  Reaching  a  Dietary  Standard  Based  on  the  Recommendations  of  ( a )  the  League  of  Nations  Technical  Commission 

{Magee,  1943)  and  ( b )  the  U.S.A.  National  Research  Council  (1945)* 
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Vitamin  B,  (m 
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(1945)t 

U 

See  note  on  p.  172.  t  Not  including  Stepney.  J  Estimate  put  forward  by  Magee  (1943). 
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Only  about  10  per  cent,  of  mothers  in  any  of  the  surveys  consumed  the  full 
allowance  of  3,000  Calories,  and  about  one-quarter  of  the  total  consumed 
less  than  2,100  (less  than  70  per  cent.).  These  low  caloric  intakes  are  not  easily 
explained.  It  is  unlikely  that  poverty  was  the  direct  cause,  since  the  caloric 
content  of  diets  could  have  been  increased  cheaply  by  increasing  the 
consumption  of  bread  and  potatoes,  both  of  which  were  unrationed.  However, 
this  would  probably  have  involved  a  departure  from  normal  food  habits  and 
made  the  diet  monotonous  and  unpalatable,  unless  the  consumption  of  other 
foods  such  as  fat,  customarily  eaten  with  bread  but  more  expensive,  had  also 
been  increased.  Table  LXXXIII  shows  that  only  a  small  proportion  of  the 
extra  fat  available  from  the  infants’  rations  was  actually  consumed  by  the 
mothers.  Expense  may  thus  have  been  a  factor  but,  on  the  other  hand,  it  is 
possible  that  the  standard  of  3,000  Calories  is  above  the  physiological  needs 
of  many  lactating  women. 

About  two-thirds  of  all  the  women  obtained  at  least  the  80  g.  protein 
recommended  by  the  League  of  Nations,  but  less  than  half  this  number  received 
the  allowance  of  100  g.  protein  suggested  by  the  National  Research  Council  ; 
few  women,  however,  consumed  diets  grossly  deficient  in  protein.  Table 
LXXXIII  shows  that,  whereas  the  allowance  of  milk  for  lactating  women 
was  two  pints  daily,  only  one  pint  was  actually  consumed.  The  second  pint, 
which  was  not  taken,  would  have  provided  nearly  20  g.  of  additional  protein 
daily. 

Since  the  poorer  people  consumed  little  milk  before  the  war,  it  is  likely  that 
many  of  these  women  were  unaccustomed  to  drinking  it.  The  intake  of  calcium 
by  Shoreditch  women  was  clearly  inadequate  as  compared  with  both  standards, 
but  the  consumption  of  the  additional  pint  of  milk  just  mentioned  would  have 
provided  nearly  0-7  g.  calcium  daily,  bringing  the  supply  nearly  to  the  level 
recommended  by  the  U.S.A.  National  Research  Council.  Drinking  water 
also  supplies  some  calcium  and  an  attempt  was  made  to  measure  the  amount  of 
water  drunk,  so  that  the  calcium  contained  in  it  could  be  taken  into  account, 
but  this  was  not  successful. 

According  to  calculation  many  women,  especially  in  the  Social  Survey’s 
investigation,  did  not  consume  the  recommended  allowance  of  iron,  but  additional 
iron  may  have  been  obtained  from  cooking  utensils.  Since  the  amount  of  iron 
secreted  into  milk  is  very  small  and  there  is  little  experimental  evidence  about 
iron  rpmiirements  in  lactation,  the  recommended  allowances  are  based  mainly  on 


3U1  V  - J  *  A  _  c 

Despite  the  high  vitamin  Bj  content  ot 
allowance  of  vitamin  Bj,  and  it  would  seem 
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obtained  from  ordinary  foods.  In  the  United  States,  Kaucher,  Moyer,  Richards, 
Williams,  Wertz  and  Macy  (1945),  who  provided  lactating  women  with  a 
specially  planned  diet  to  ensure  optimal  intake  of  nutrients,  were  unable  to 
raise  the  level  of  intake  of  vitamin  Bi  above  62  per  cent,  of  the  National 
Research  Council’s  allowance. 

The  recommendation  of  the  National  Research  Council  for  vitamin  C  intake 
was  very  rarely  attained  by  Shoreditch  women  and  there  is  a  considerable  body 
of  opinion  in  this  country  which  believes  that  the  allowances  of  vitamin  C 
suggested  by  this  authority  are  much  too  high.  Magee’s  (1943)  allowance  of 
45  mg.  daily  would  probably  leave  less  than  20  mg.  for  the  mother,  whereas 
25  mg.  or  more  would  go  to  the  infant  in  the  milk  (p.  129).  Many  women 
received  considerably  less  than  45  mg.  daily. 

TABLE  LXXXV 


The  Daily  Intake  of  Nutrients  by  21  Mothers  during  2  Separate  Weeks 


First  recorded  week 

Second  recorded  week 

Nutrient 

Standard 
Mean  deviation 

Standard 
Mean  deviation 

Calories  ....... 

2,557 

682 

2,379  701 

Protein  (g.) — animal  ..... 

vegetable  .... 

49-2\  ^ 

42-3  r  24 

49-7'l 

38-8/  " 

Fat  (g.) . 

102-9 

26 

97-4  29 

Carbohydrate  (g.) 

315-9 

105 

287-8  91 

Calcium  (g.) 

1-3 

0-42 

1-2  0-44 

Iron  (mg.) 

12-3 

3-8 

14-1  6-5 

Vitamin  A  (I.U.) 

2,555 

2,032 

3,546  3,024 

585  660 

Carotene  (I.U.)  .  " . 

559 

803 

Vitamin  Bj  (mg.) 

1-40 

0-47 

1-31  0-46 

Vitamin  C  (mg.) . 

60 

45 

57  45 

THE  NUTRIENT  INTAKE  OF  THE  SAME  WOMEN  DURING 

SEPARATE  WEEKS 

Twenty-one  of  the  women  investigated  by  the  Social  Survey  made  measurements 
ol  food  consumed  during  two  separate  weeks,  and  of  these  eight  made  further 
measurement5  during  a  third  week.  The  mean  daily  intakes  of  nutrients  in 
the  first  and  second  recorded  weeks,  given  in  Table  LXXXV,  show  that  for  a 
group  of  this  size  there  is  no  substantial  variation  between  the  results  of  one  week 
and  another  and  that  this  is  true  for  all  the  nutrients  studied.  Analysis  of 
variance,  Table  LXXXVI,  of  the  intakes  of  each  nutrient  by  the  eight  women  for 
each  of  the  three  weeks  showed  that  there  were  no  significant  differences  in  mean 
intake  between  weeks,  but  there  were  between  mothers.  This  finding  suggests 
hat  in  this  study  no  additional  accuracy  would  be  achieved  by  surveying  the  in 
takes  of  a  given  number  of  women  for  three  weeks  as  against  a  su^of  three 

single  week  s  survey.  This  aspect  of  the  problem  was  examined  in  the  following 


TABLE  LXXXVI 
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comparison  was  made  of  the  nutrient  intakes  of  the  same  women  in  different 
weeks.  The  data  were  also  suitable  for  showing  whether  a  record  of  the  food 
eaten  in  one  week  gives  a  reliable  determination  of  the  food  eaten  over  the 
longer  period.  Separately,  for  each  of  the  8  women  recording  their  diet  in 
each  of  three  weeks,  the  mean  weekly  intake  of  each  nutrient  for  the  three  weeks 
was  determined,  and  the  percentage  deviations  of  each  single  week’s  intake  from 
this  mean  were  calculated.  The  results,  grouped  according  to  magnitude  of 
deviation,  are  given  in  Table  LXXXVII.  A  similar  separate  calculation  was 
done  for  each  of  the  13  women  who  recorded  their  diet  for  two  weeks.  There 
are  13  sets  of  figures  for  each  nutrient  because,  if  one  weekly  intake  exceeded 
the  average  intake  by  a  certain  amount,  the  intake  for  the  other  week  was  a 
corresponding  amount  less.  The  results  are  given  in  Table  LXXXVII. 

In  order  to  decide  whether  one  week’s  intake  was  a  reasonable  measure  of 
the  intake  over  the  longer  period,  it  was  necessary  to  decide  what  is,  for  practical 
purposes,  a  reasonable  margin  of  variation.  In  no  two  surveys  on  the  same 
individual  are  the  findings  likely  to  be  exactly  the  same.  Moreover,  what  is 
important  for  practical  purposes  is  not  so  much  that  the  results  should  be  the 
same  but  that  inferences  drawn  from  them  should  not  differ.  By  such  a  criterion, 
results  with  a  10  per  cent,  margin  of  variation  are  likely  to  be  satisfactory. 
For  some  nutrients,  for  example  the  vitamins,  a  larger  margin,  say  up  to 
25  per  cent.,  might  be  allowed,  but  a  difference  greater  than  25  per  cent,  alters 
the  broad  level  of  the  results.  If  these  standards  are  adopted,  it  will  be  seen 
from  Table  LXXXVII  that  the  highest  number  of  observations  falling  within 
the  10  per  cent,  limits  is  15  out  of  24  or  calories,  and  the  lowest,  three  out  of 

24  for  carotene.  Even  for  calories,  3  observations  out  of  24  fall  outside  the 

25  per  cent,  margin,  and  for  vitamin  A,  carotene  and  ascorbic  acid,  the  numbers 
are  16,  18,  and^lO,  respectively.  The  same  sort  of  picture  emerges  from  the 
results  for  the  two-weeks'  study  (Table  LXXXVII). 

The  conclusion  to  be  drawn  from  the  results  is  that  the  margins  within  which 
the  results  fall  are  so  wide  as  to  throw  doubt  on  the  validity  of  assessing  the 
adequacy  of  nutrient  intakes  of  an  individual  woman  from  a  single  week’s 

survey. 


THE  VITAMIN  CONTENT  OF  THE  MILK  OF  SHOREDITCH  WOMEN 
IN  RELATION  TO  THE  DIETARY  INTAKE  OF  VITAMINS 

There  was  very  little  correlation  between  the  vitamin  content  of  the  milk,  given 

in  Table  LXXXVIII,  and  that  of  the  diet  of  individual  women  in  any  of  the  three 

surveys.  In  Bransby’s  survey  the  collection  of  dietary  data  and  the  analysis 

of  milk  were  not  carried  out  simultaneously,  so  it  was  not  expected  that  there 

would  be  any  such  relationship.  In  the  Oxford  Nutrition  Survey  s  investigation 

milk  samples  were  obtained  during  the  week  in  which  the  measurement  of  foo 

was  made  and  this  was  usually,  though  not  always,  so  in  the  Social  Survey  s 

investigation.  The  lack  of  correlation  between  the  vitamin  content  of  the  diet 
mvestigai  be  lamed  5y  our  finding  that 

altnal^week  s  diefdoes  not  necessarily^  represent  the  usual  intake  of  nutrients 
u  ^  •  HiviHinl  Since  the  vitamin  content  of  milk  does  not  show  an 

remained  constant  for  a  considerable  period. 
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It  might  be  expected  that,  in  comparing  mean  values  obtained  for  groups  of 
women,  differences  due  to  unusually  high  or  low  intakes  of  vitamins  or  other 
nutrients  would  be  evened  out  to  some  extent  and  a  greater  degree  of 
correspondence  with  milk  results  would  be  obtained.  Comparisons  between 
results  obtained  in  the  three  surveys  are  not  very  satisfactory,  however,  as 
different  tables  were  used  for  the  calculation  of  the  vitamin  content  of  foods, 
and  for  other  reasons.  In  fact,  Tables  LXXXI  and  LXXXVIII  show  little 
correlation  between  values  for  milk  and  diet. 


TABLE  LXXXIX 

The  Mean  Dietary  Intake  of  Vitamins  and  the  Mean  Vitamin  Content  of  Milk 
of  the  Same  Women  in  3  Periods  of  the  Social  Survey's  Investigation 


Vitamin 

Period 

Number 

of 

women 

Diet 

(daily  intake) 

Milk 

(content  per  g.  fat* 
or  per  100  ml.\ ) 

Mean  Standard 

value  deviation 

Mean  Standard 

value  deviation 

Vitamin  A  (I.U.) 

1 

2 

3 

21 

6 

16 

2,454  1,208 

3,460  3,602 

1,870  801 

27-8*  7-93 
30-5*  13-33 
23-4*  6-68 

Carotene  "1 

Diet  (I.U.)  1 

Carotenoids 

Milk  (ng.)  . 

1 

2 

3 

21 

6 

16 

497  691 

671  574 

556  616 

3-9*  3-35 
2-6*  0-77 
2-6*  0-83 

Vitamin  Bj  3 

Diet  (mg.)  S 

Milk  (pt-g.)  J 

1 

2 

3 

15 

6 

13 

1-38  0-39 
1-69  0-54 
1-28  0-37 

18* If  2-65 

19 -2f  1-95 

17-9f  2-54 

-  "1 - " 

Vitamin  C  (mg.) 

1 

2 

3 

20 

7 

16 

48  37 

65  28 

59  39 

2 • 84f  1-16 

3 • 66f  0-95 

3-06f  1-30 

Differences  in  the  intake  of  vitamins  by  women  at  dlfferent  periods  m  the 
Social  Survey’s  investigation  have  already  been  mentioned.  Table  LXXXIX 
shows  the  results  obtained  for  the  vitamin  content  of  milk  in  the  same  three 
periods,  and  the  vitamin  intake  of  the  women  whose  milk  was  examined.  The 
numbers  of  women  in  the  three  groups  were  not  large  and  individual  variations 
were  great,  so  that  few  of  the  differences  shown  are  statistically  significant 
However  some  of  the  trends  shown  are  very  suggestive.  The  differences  foun 
or 'the6  vitamin  A  content  of  milk  fat  between  groups  1  and  3  are  similar  to 
those  found  for  the  milk  fat  of  other  Shoreditch  women  whose  diets  were  no 
i  a  Tokip  WYVTTT)  The  vitamin  A  content  of  the  diet 

twedf  s  mnar  reannd  Ih“h  can  be  amounted  for  by  differences  in  the  values 

of  Shoreditch  and  Reading 

women  in  the  preceding  years  of  the  inquiry. 
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The  results  obtained  for  the  vitamin  B,  and  vitamin  C  contents  of  milk 
follow  the  same  trend  as  those  for  their  intakes,  but  those  for  carotenoids  cannot 
be  correlated  with  the  amounts  of  these  substances  consumed.  This  is  not 
surprising,  since  the  carotenoid  intakes  of  different  women  and  of  the  same  women 
in  different  weeks  varied  enormously. 


CONCLUSIONS 

The  results  of  the  three  surveys  are  in  fair  agreement  and  we  consider  that  they 
indicate  the  general  level  of  nutrition  of  Iactating  women  in  Shoreditch  during 
our  investigation.  This  level  was,  for  vitamins  as  well  as  for  other  nutrients, 
less  than  the  League  of  Nations  standards  and  considerably  less  than  the 
recommended  allowances  of  the  U.S.A.  National  Research  Council.*  It  can  be 
concluded,  therefore,  that  our  findings  for  the  vitamin  content  of  the  milk  of 
Shoreditch  women  represent  the  composition  of  the  milk  of  women  whose 
state  of  nutrition  was  less  than  optimal  as  judged  by  these  standards. 


*  See  note  on  p.  172. 
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K-*  A  Comparison  of  the  Composition  of  Milk  at  Glasgow  and 

Shoreditch 

by  C.  S.  Cameron,  S.  G.  Graham,  S.  K.  Kon  and  E.  H.  Mawson 


In  1942  a  dietary  survey  was  carried  out  in  Glasgow  by  Graham  (1944)  to 
study  the  relation  of  diet  in  pregnancy  to  prematurity.  The  nutrient  intake  of 
the  mothers  of  full-term  infants,  and  that  of  the  mothers  of  still-born  and 
premature  infants,  was  inferior  to  that  found  by  us  in  dietary  surveys  of 
lactating  women  in  Shoreditch.  At  a  later  date  the  Nutrition  Committee 
of  the  Royal  College  of  Obstetricians  and  Gynaecologists  expressed  the  opinion 
that  the  nutrition  and  lactational  performance  of  women  in  Glasgow  were  less 
satisfactory  than  in  the  South  of  England  and  at  their  suggestion  samples  of 
milk  from  Glasgow  mothers  were  examined  in  1945  for  vitamin  content.  For 
purposes  of  comparison  a  special  series  of  samples  from  women  at  the  same  stage 
of  lactation  was  obtained  from  Shoreditch. 


PLAN  OF  INVESTIGATION 

As  our  purpose  was  to  determine  whether  the  vitamin  content  of  the  milk 
of  poorly  nourished  women  differed  from  the  general  average,  it  was  at  first 
intended  to  select  in  Glasgow  only  women  whose  nutrition  was  considered  to  be  of 
a  low  standard.  In  order  to  avoid  complications  due  to  changes  in  the  vitamin 
content  of  milk  in  early  lactation,  we  aimed  at  obtaining  samples  during  the 
4th  and  5th  weeks  after  parturition  but  in  practice  it  proved  impossible  to 
find  a  sufficient  number  of  poorly  nourished  women  at  this  stage  of  lactation, 
and  selection  on  the  basis  of  the  nutritional  state  had  to  be  abandoned.  Our 
samples  are  therefore  generally  representative  of  women  attending  the  post-natal 
clinic  of  the  Glasgow  Royal  Maternity  and  Women’s  Hospital  who  were 
lactating  in  the  4th  and  5th  weeks,  and  ability  to  provide  a  sample  of  milk  was 
in  fact  the  only  criterion  of  selection.  The  failure  of  many  Glasgow  women 
to  lactate  successfully  suggests  that  the  milk  yield,  even  of  those  from  whom 
samples  were  obtained,  may  have  been  lower  than  the  average  found  at 
Shoreditch.  It  has  not  been  possible  to  get  quantitative  data  on  the  milk  yields 
of  Glasgow  and  Shoreditch  mothers  but  the  possibility  of  these  being  different 
at  the  two  places  should  be  borne  in  mind  in  comparing  the  results. 

Samples  of  milk  were  obtained  at  Glasgow  during  the  morning,  treated 
immediately  with  cyanide  to  preserve  the  vitamin  C  (see  p.  122),  and  p  ace 
in  a  refrigerator.  Late  in  the  afternoon  they  were  transferred  to  a  portab 

“SS-^ssr  ssa  wtfsrss? 

The  mothers  at  both  places  De‘onSeu  f  Shoreditch  were 

,Phe  wwls0oVsher°ceme0nW  ThThusbandsof  the  others  were  mostly  lorry  drivers, 
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labourers  and  railway  workers.  Information  regarding  economic  circumstances 
is  incomplete,  but  the  Glasgow  mothers  appeared  to  be  no  worse  off  financially, 
and  even  in  some  cases  better  off,  than  those  at  Shoreditch.  Frequency 
distributions  of  the  ages  and  parities  of  the  mothers  and  the  birth  weights 
of  the  babies  have  been  calculated  for  purposes  of  comparison  between  the 
two  groups  (Table  XC).  In  regard  to  age  and  parity  the  similarity  is  as  great 

TABLE  XC 

Age  and  Parity  of  Mothers  from  Glasgow  and  Shoreditch  and  Birth  Weight  of 

their  Babies 

( Frequency  distributions ) 


Variable  observed 


Glasgow 


Percentage 
Number  of  total 


Shoreditch 


Percentage 
Number  of  total 


Age  of  mother 
<20 
20-24 
25-29 
30-34 
35-39 
40-44 
Total* 
Average  age 


2 

17 

9 

15 

5 

1 

49 


4 

34' 

18 

30 

10- 

2- 


27 


Parity 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

Total* 


Birth  weight  of  baby ,  range 
lb.  oz.  lb.  oz. 


5  0-5 

6  0-6 

7  0-7 

8  0-8 
9  0-9 
10  0-10 
11  0-11 
12  0-12 
Total*  . 


15 

15 

15 

15 

15 

15 

15 

15 


26 

14 

4 

2 

1 

0 

1 

0 

0 

0 

0 

48 


54 

29 

8 

4' 

2- 


00 

21 

00 

00 

00 

00 


3 
13 
23 

4 
3 
1 

0 

2 

49 


6 

26 

46 

8' 

6 

2- 


00 

41 


0 

00 

12 

33-3 

3 

8-3 

12 

33-3 

7 

19-4 

2 

5-6 

36 

30 

17 

45-9 

7 

190 

4 

10  8 

2 

5-4 

1 

2-7 

1 

2-7 

3 

81 

1 

2-7 

0 

00 

0 

00 

1 

2-7 

37 

3 

8-1 

5 

13-5 

15 

40-6 

10 

270 

4 

10-8 

0 

.  00 

0 

00 

0 

00 

37 

•  Differences  in  tolals  are  due  to  inability  to  obtain  full  information^bout  parity 
as  one  could  expect  with  such  a  small  number  of  women  in  each  oro.m 

compensated  for  the  higher  pfoportioTof  6  andTlb^b  h'^86  bi!bleS  Wh° 
whereas  at  Shoreditch  there  were  more  8  and  9  lb.  babies  and IVe^rgeTes! 
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THE  VITAMIN  AND  SOLI  DS-NOT-F  AT  CONTENT  OF  MILK  STUDIED 

AT  GLASGOW  AND  SHOREDITCH 


As  originally  planned,  the  investigation  included  a  study  of  food  consumption 
by  Glasgow  mothers  whose  milk  was  examined,  but  this  could  not  be 
completed  and  our  comparisons  can  therefore  be  made  only  on  the  basis  of 
the  milk  results. 


Mean  values  for  the  content  of  solids-not-fat  and  of  vitamins,  except 
riboflavin,  are  given  in  Table  XCI.  Results  for  riboflavin  are  given  separately 
in  Table  XCII,  because  many  of  the  Glasgow  samples  were  “  overnight  ” 
samples  taken  from  breasts  which  had  not  been  used  since  the  previous  evening 
(see  p.  107).  It  had  been  hoped  that  all  samples  could  be  taken  between 
4  and  6  hours  after  the  last  feed  but  a  longer  interval  was  often  necessary  on 
account  of  the  poor  milk  supply  of  Glasgow  women.  Unfortunately,  a 
considerable  number  of  Shoreditch  samples  also  failed  to  satisfy  these 
conditions,  principally  because  they  were  taken  from  women  whose  babies  had 
been  fed  very  recently.  As  there  were  not  enough  values  in  the  special 
Shoreditch  series  for  comparison,  the  general  means  for  all  Shoreditch  samples 
(Table  LXI)  have  been  included  in  Table  XCII.  These  results  do  not  suggest 
that  the  riboflavin  content  of  milk  at  Glasgow  was  any  lower  than  at  Shoreditch. 
The  riboflavin  content  of  “  overnight  ”  samples  from  Glasgow  was  significantly 
higher  than  that  of  similar  samples  from  Shoreditch  but  this  does  not 
necessarily  imply  a  more  satisfactory  state  of  riboflavin  nutrition  at  Glasgow, 
since  it  may  be  connected  with  a  lower  milk  yield  there.  It  has  not  been  possible 
to  study  the  influence  of  milk  yield  on  the  riboflavin  content  of  milk  but, 
by  analogy  with  other  vitamins,  the  riboflavin  content  would  be  expected  to 


vary  inversely  with  the  output  of  milk. 

The  vitamin  Bj  content  of  milk  was  almost  the  same  at  Glasgow  and 
Shoreditch  (Table  XCI),  a  not  unexpected  finding,  since  bread  which  is  the 
chief  dietary  source  of  this  vitamin  was  cheap  and  available  to  all.  It  should 
be  noted  that  the  mean  values  for  vitamin  Bj  content  given  in  Table  XCI  cannot 
be  compared  with  the  mean  values  for  Reading  and  Shoreditch  found  in  the 
main  investigation,  since  values  for  samples  taken  earlier  than  the  5th  week 
of  lactation  are  included  here. 

The  vitamin  C  content  of  milk  was  significantly  lower  at  Glasgow  than  at 
Shoreditch.  It  is  possible  that  smaller  quantities  of  green  vegetables  were 
available  at  the  time  in  Glasgow  and  new  potatoes  probably  came  on  the  market 
there  later  in  the  season.  This  difference  in  the  vitamin  C  content  of 
may  have  reflected  an  even  greater  difference  in  the  vitamin  C  intake  of  the 
mothers  since,  for  a  given  vitamin  C  intake,  a  lowered  milk  yield  such  as  may 
have  occurred  with  Glasgow  women  would  tend  to  cause  an  increase  m 

ViThinvhaminteA^ ‘content  of'themllffat  from  Glasgow  samples  was  the  same 
as^hat  from  "he  Shoreditch  samples  in  this  series  and  also  much  the  same  as 
"he  mean  value  for  the  4th  and  5th  weeks  of  lactation  in  the  mam  investigation 


nentioned  in  discussing  no  are  somewhat  difficult  to  interpret, 

jbtained  for  fat  content,  results  fo  ri  iseow  mothers  gave  a  mean 

dowever,  samples  of  blood  plasma  from  36®^^  as  ^ 
/alue  of  119  I.U.  vitamin  A  per  100  ml.,  a  value  nearly 
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TABLE  XCII 

Vie  Riboflavin  Content  of  Milk  from  Glasgow  and  Shoreditch 


Glasgow 

Shoreditch 

- - 

1  st  May-lst  Nov., 
1945 

1st  May-lst  Nov., 
1945 

April,  1942-  March, 
1945* 

Time  of  sampling 

Number  of  \xg.  per 
samples  100  ml. 

Number  of  [xg.  per 
samples  100  ml. 

Number  of  [xg.  per 
samples  100  ml. 

Last  feed  before  midnight. 
Sample  taken  during  morn¬ 
ing  ... 

29 

22 

2 

19 

93 

19-8 

Last  feed  between  6.0  and 
7.0  a.m.  Sample  taken 
during  morning 

17 

23 

8 

28 

136 

23-4 

Last  feed  between  7.0  and 
9.0  a.m.  Sample  taken 
more  than  1  hour  later 

3 

28 

33 

23-7 

Last  feed  later  than  9.0  a.m. 
Sample  taken  more  than 

1  hour  later  . 

— 

— 

13 

31 

64 

25-5 

*  See  Table  LXI,  p.  105. 


I.U.  per  100  ml.  found  by  Moore  and  Leitner  (1949)  for  37  non-pregnant 
non-lactating  women  in  the  South  of  England.  The  high  carotenoid  content 
of  the  fat  of  milk  from  Glasgow  women  is  surprising  in  view  of  the  low  level 
of  vitamin  C,  which  suggested  a  low  rate  of  consumption  of  green  vegetables. 
A  possible  explanation  might  be  an  unusually  large  consumption  of  carrots  at 
Glasgow. 

The  solids-not-fat  content  of  milk  was  somewhat  lower  in  samples  from 
Glasgow  than  in  those  from  Shoreditch  but  the  difference  is  just  below  that 
usually  considered  to  be  significant.  Study  of  a  larger  number  of  samples  would 
be  needed  to  settle  this  point. 


HAEMOGLOBIN  VALUES  OF  GLASGOW  WOMEN 

Haemoglobin  estimations  were  carried  out  on  the  blood  of  the  Glasgow  mothers 
at  the  Glasgow  Royal  Maternity  and  Women’s  Hospital.  Unfortunately,  it 
was  not  possible  to  obtain  blood  samples  from  the  Shoreditch  mothers  in  this 
experiment,  so  that  comparison  can  only  be  made  with  values  found  in  1943 
by  the  Oxford  Nutrition  Survey  for  a  group  of  21  Shoreditch  women  at  varying 
stages  of  lactation.  Table  XC1II  shows  these  results,  together  with  values  found 
for  pregnant  women  and  for  non-pregnant  mothers  by  the  Medical  Research 
Council’s  Committee  on  Haemoglobin  Surveys  (1945).  The  Glasgow  values  are 
much  lower  than  those  for  Shoreditch  and  lower  also  than  those  for  the  non¬ 
pregnant  mothers,  but  are  of  much  the  same  order  as  those  for  women  in  the  2nd 
and  3rd  trimesters  of  pregnancy.  Either  the  Glasgow  women  had  not  recovered 
from  the  effects  of  pregnancy  and  parturition  or  they  were  much  more  anaemic 
than  women  in  other  areas.  Results  found  by  the  Oxford  Nutrition  Survey 
and  by  Dr.  Bransby  at  Shoreditch  suggested  that  most  mothers  were  receiving 
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TABLE  XCIII 


Haemoglobin  Values  of  Glasgow  Mothers  Compared  with  Those  of  other  Women 
(All  Hb.  values  expressed  as  percentages  on  the  Haldane  scale) 


— 

'  Number  of 
subjects 

Percentage  of  Hb. values  below 

Year 

Description  of  subjects 
* 

JVICurl 

Hb. 

70 

80 

85 

1945 

Glasgow  nursing  mothers* — 
25th  to  39th  day  of  lactation  . 

47 

82-6 

19  2 

32-0 

49-0 

1943 

Shoreditch  nursing  mothersf — 
3rd  to  3 1  st  week  of  lactation  . 

21 

104-4 

0  0 

0  0 

00 

1943 

Pregnant  women! — 

1st  trimester 

105 

89- 1 

I  0 

5-8 

27-7 

2nd  trimester 

209 

86-3 

5-8 

20-6 

43-6 

3rd  trimester 

376 

82-4 

8-8 

37-5 

60-9 

1943 

Non-pregnant  parous  women 
under  50J  .... 

1,283 

90-8 

4-6 

12-5 

24-5 

*  Hb.  estimations  carried  out  at  the  Glasgow  Royal  Maternity  and  Women’s  Hospital, 
t  Hb.  estimations  carried  out  by  the  Oxford  Nutrition  Survey. 

+  Hb.  values  from  “  Haemoglobin  Levels  in  Great  Britain  in  1943  ”  M.R.C.  Committee 
on  Haemoglobin  Surveys  (1945). 

adequate  amounts  of  iron  from  their  food  as  judged  by  the  standards  of  the 
League  of  Nations  Health  Committee  (1936).  The  Oxford  Nutrition  Survey’s 
report  pointed  out,  however,  that  the  main  source  of  iron  in  the  diet  is  bread 
and  that  much  of  the  iron  in  bread  is  not  in  the  available  form.  Some  of  the 
Shoreditch  mothers  received  iron  supplements  during  pregnancy. 


CONCLUSIONS 

This  investigation  illustrates  the  difficulty  of  making  comparisons  of  the 
vitamin  content  of  milk  between  groups  of  women,  especially  where  under- 
nutrition  is  suspected.  Difficulties  experienced  in  Glasgow  in  finding  women 
still  lactating  satisfactorily  in  the  4th  or  5th  week  after  the  birth  of  the  child 
suggest  that  the  quantity  of  milk  is  more  easily  affected  by  undernutrition  than 
the  quality  Since,  as  shown  by  us  for  vitamin  A  (and  C),  a  reduced  milk  yield 
leads  to  a  ffigher  vitamm  concentration  (pp.  46  and  132),  undernourished  women 
who  lactate  poorly  may  produce  a  small  amount  of  milk  having  the  same  vitamin 

fmmRe^d  / V  nourished  women.  In  the  main  investigation,  samples 

from  Reading  and  Shoreditch  were  usually  obtained  after  the  4th  week  of 
lactation  and  the  fact  that  a  woman  was  successfully  feeding  her  baby  without 

vSd  \t  krle  Tm  T  Considered  sufficient  criterion  of  satisfactory  milk 
Jd>  11  s  clear  fr°m  the  Present  investigation  that,  when  samples  are  obtained 
in  e  ear  y  part  of  lactation  and  difficulties  are  encountered  in  finding  suitable 
donors,  ,t  would  be  advantageous  to  obtain  actual  milk  yields  by"e  ,  wdghinl 

^x'ki-rzr'1"8  •—  ■“ -’“'”*5 

abLTthe  vUamlrnutrUitjn  of  the  cT^  ‘°  d?W  ^  definite  “nci^'°ns 

milk  analysis.  T** 

v,w  of  the  high  values  found  for  the  fat  of  R^i™'^*  ^”£7*“ 
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NOTE 

Since  this  Report  was  written  the  Food  and  Nutrition  Board  of  the  U.S.A. 
National  Research  Council  (1948)  has  published  a  revision  of  Recommended 
Dietary  Allowances.  For  nutrients  considered  in  this  Report  the  new  version 
differs  from  the  earlier  issue  (National  Research  Council,  1945)  in  the  reduction 
in  the  recommended  daily  allowance  of  vitamin  Bj  for  the  lactating  woman 
from  2-0  to  1*5  mg.,  and  in  a  similar  reduction  in  riboflavin  for  the  moderately 
active  woman  from  1*6  to  1*5  mg. 

Statements  about  the  National  Research  Council’s  recommendations  for 
these  two  factors  on  pp.  102,  142,  144,  155,  157,  165,  173,  174  should  be  reviewed 
in  the  light  of  this  new  information,  but  those  concerning  the  other  factors 
studied  stand. 


CONSTITUENTS  STUDIED  AND  N 


UTRITION  AL  STANDARDS  173 


L.  The  Composition  of  Milk  in  Relation  to  the  Nutritional 
Requirements  of  Mother  and  Child 

It  is  believed  that  the  assessment  of  the  nutritional  requirements  of  infants  can  be 
based  on  the  composition  of  milk  of  well-nourished  mothers.  Before  our 
findings  with  milk  can  be  used  for  such  purpose  it  is  necessary  to  determine 
whether  the  mothers  whose  milk  we  examined  were  in  fact  well-nourished. 


THE  NUTRIENT  REQUIREMENTS  OF  LACTATING  WOMEN  AND  THE 
EFFECTS  OF  ECONOMIC  AND  OTHER  FACTORS  ON  THE  ABILITY 

TO  ATTAIN  THEM 

The  adequacy  of  the  diet  of  a  nursing  mother  can  be  gauged  by  the  Standards 
of  the  League  of  Nations  (1936,  also  quoted  by  Magee,  1943)  or  the 
recommended  dietary  allowances  of  the  U.S.A.  National  Research  Council 
(1943,  1945).*  The  values  for  pregnant  and  lactating  women  are  given  in 
Table  LXXVIII,  pp.  142  and  143  and  those  for  moderately  active  women  and 
for  infants  in  Table  XC1V.  These  values  carry  a  margin  of  safety  ;  in  fact, 
the  publication  of  the  U.S.A.  National  Research  Council  (1945)  states  that  the 
allowances  given  are  high  enough  to  meet  the  needs  of  those  normal  people 
who  are  less  efficient  than  the  majority  in  the  utilization  of  nutrients.  The  same 
publication  points  out  that  the  values  given  for  certain  nutrients,  in  particular 
the  B  vitamins  and  vitamin  A,  are  subject  to  revision,  since  the  experimental 
evidence  on  which  they  are  based  is  not  considered  adequate.  Possibly  the 
values  for  vitamin  C  should  be  added  to  the  list  of  those  in  need  of  revision. 

The  standards  of  the  League  of  Nations  were  set  up  before  the  war  and 
although  recently  republished  by  Magee  (1943),  have  not  been  officially 
reconsidered  in  the  light  of  more  recent  experimental  evidence.  They  are, 
however,  very  useful  as  a  second  yardstick  in  the  assessment  of  United  Kingdom 
d!ets  since,  as  was  recognized  in  the  report  of  the  Special  Joint  Committee 
Set  up  by  the  Combined  Food  Board  (1944),  the  recommended  allowances  of 

the  National  Research  Council  were  very  difficult  to  attain  in  this  country 
during  war  time.  ^ 

„Jhie  amf°U?tS  and  aPProximate  vitamin  content  of  the  special  dietary 
supplements  for  pregnant  and  lactating  women  have  been  fully  discussed  in 

^  at‘0n  Content  of  milk  and  t0  the  results  of  dietary  surveys 

at  Shoieditch  (p.  155).  These  surveys  showed  that  many  Shoreditch  women 
faded  to  obtain  the  allowances  of  nutrients  recommended  by  either  the  League 

£  V  the  U-S-A-  NationaI  Research  Council.  Although  measurements 

^hrougHout 
*  See  note  on  p.  172. 
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TABLE  XCI V 

Comparison  of  League  of  Nations  Standards,  and  U.S.A.  National  Research  Council’s  Recommendations,  for  the  Vitamin  Intake  of 

Mother  and  Infant  with  the  Output  in  Milk  as  Determined  by  Us 
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and  for  some  nutrients  even  the  higher  allowances  of  the  National  Research 
Council  (see  p.  144).  The  failure  of  the  majority  of  lactating  women  to  achieve 
this  may  have  been  due  to  unwillingness  to  change  dietary  habits,  to  the  sharing 
of  the  special  supplements  with  others,  or  to  economic  causes.  The  approximate 
weekly  cost  of  the  special  supplements  for  a  lactating  woman  was  as  follows  : 
Milk,  first  pint  Ij.  2 d.,  second  pint  2s.  l\d.  ;  rationed  foodstuffs,  not  including 
eggs,  available  on  the  infant’s  ration  book,  Ij.  9 d.  The  total  of  5s.  6 \d.  weekly, 
or  more  if  eggs  were  included,  shows  that  it  was  as  costly  for  the  mother  to 
ensure  satisfactory  nutrition  for  herself  during  lactation  as  it  was  to  feed  the 
baby  artificially.  Nevertheless,  it  is  our  opinion  that  cost  was  not  necessarily 
the  primary  factor  in  shaping  the  diets  of  lactating  women.  We  base  this  view 
on  the  negative  outcome  of  attempts  to  correlate  the  vitamin  composition  of 
the  milk  with  the  family  income  of  the  mother.  These  comparisons  are  not 
reported  in  detail,  partly  because  our  information  on  economic  circumstances 
was  not  very  reliable,  and  also  because,  such  as  it  was,  it  related  to  the  family 
as  a  whole,  and  did  not  indicate  the  money  individually  available.  Suffice  it  to 
say  that  we  have  been  unable  to  find  any  difference  in  the  vitamin  content  of 
the  milk  of  women  whether  their  husbands  were  earning  £10  or  more  weekly 
or  less  than  £2  10s.  0 d.,  nor  was  there  any  difference  in  vitamin  content 
between  the  milk  of  wives  of  civilians  and  that  of  wives  of  members  of  the 
armed  forces.  Although  a  difference  in  milk  yield  between  the  high  and  low 
income  groups  cannot  be  entirely  excluded,  it  would  appear  that  a  higher 
family  income  did  not  make  it  possible  for  women  to  produce  milk  with  a 
vitamin  content  above  the  average  level. 

The  definite  probability  that  the  nutrient  intake  of  many  donors  of  milk 
samples  was  less  than  could  be  desired  must  be  kept  in  mind  when  the  vitamin 
requirements  of  mothers  and  infants  are  considered  in  the  light  of  our  findings 
for  the  vitamin  content  of  milk.  Table  XCIV  shows  the^recommendatiofs 
of  the  League  of  Nations  and  of  the  U.S.A.  National  Research  Council  together 
w  th  he  extra  allowance  for  lactation,  a  figure  obtained  by  subt^acUng  the 

owance  for  a  normal  moderately  active  woman  from  that  for  a  lactatinn 

our  results  anTaT  ?  **  °U‘PUt  °f  v'tami"5  basedon 

Kon  0945,  are  g^n  for  compar'om^Th^f  based »  value,  quoted  by 

limitations  already  discussed,  mentioned  in  the  footnotes  to  the'ta'ble^Th" 
recommended  allowances  of  nutrients  for  infants  are  also  included  ‘ 


THE  VITAMIN  REQUIREMENTS  OF  LACTATING  WOMEN 
Requirements  for  Vitamin  A 

mill  Sn  t^^r^^tamOUn^°fV'tami“  A  •“"*»  into 
made  by  the  League  of  Nations  and  by  the  U  sT^Na?"5  f°rJac,atln8  w°men 
is  chiefly  due  to  a  difference  in  opinion  about  foe  N  onal  Research  Council 
of  the  normal  adult.  Recent  world  m  l  l^e  reclu,rernent  for  vitamin  A 

minimum  protective  dose  for  normal  adulTs^^h  indicates  that  the 

vitamin  A  and  suggests  that  2,500  I  U  provideT  ffiWI'U' dady  °f  preformed 
cover  individual  variations  and  differences in  actfo  tv  /T  margi"  °f  Safety  t0 
pregnancy  or  lactation.  If  this  opinion  is  accenmd  fo  u  envlronment,  but  not 
woman  would  presumably  be  2  500  I  U  ^nPn,  d' the  allowance  a  lactating 
<  an,,  ’  U"  suPP'emented  with  somewhat  more 


176 


HUMAN  MILK 


than  the  amount  likely  to  be  secreted  into  the  milk.  The  Shoreditch  women 
whose  diets  were  investigated  (p.  153)  were  consuming  on  the  average  rather 
less  than  2,500  I.U.  vitamin  A  daily,  and  in  addition  a  small  amount  of  carotene. 
Something  of  the  order  of  1,000  I.U.,  or  40  per  cent,  of  the  intake,  was  probably 
being  secreted  into  the  milk.  On  this  basis  a  lactating  woman  would  require 
something  in  excess  of  4,000  I.U.  daily  in  order  to  have  2,500  I.U.  left  for  herself. 
When  a  considerable  proportion  of  the  vitamin  A  activity  of  the  diet  is  provided 
by  /3-carotene  the  position  is  more  complicated.  Hume  and  Krebs  point  out 
the  difficulty  of  fixing  a  single  value  for  carotene  but  suggest  making  it  three 
times  that  for  the  requirement  expressed  in  terms  of  vitamin  A.  There  is  as  yet  not 
enough  evidence  about  the  extent  to  which  carotene  can  act  as  a  precursor  of 
vitamin  A  in  human  milk.  It  is  noteworthy,  however,  that  in  our  experience, 
though  the  vitamin  A  content  of  milk  fat  was  raised  by  the  giving  of  a  large  dose 
of  vitamin  A,  it  was  unaffected  by  a  similar  dose  of  carotene  (p.  49).  Until 
this  problem  is  further  elucidated  it  would  be  well  to  ensure  that  the  diet  of 
lactating  women  contains  a  high  proportion  of  preformed  vitamin  A,  and  it  is 
satisfactory  that  the  vitamin  A  supplement  of  4,000  I.U.  daily,  at  the  time 
of  our  investigation  given  only  during  pregnancy,  is  now  continued  throughout 
lactation.  The  child  would  also  benefit  through  the  increased  vitamin  A 
content  of  the  milk. 

The  recommended  allowance  of  the  National  Research  Council  of  8,000  I.U. 
vitamin  A  daily  for  lactating  women  was  made  on  the  assumption  that 
approximately  2,700  I.U.  would  be  as  preformed  vitamin  A  and  the  remainder 
as  carotene.  In  view  of  what  was  said  above,  this  allowance  is  generous  but 
not  excessive  ;  that  of  the  League  of  Nations  (1936)  is  lower,  but  the  dietary 
scheme  includes  a  generous  allowance  of  preformed  vitamin  A  as  cod  liver  oil 

All  these  considerations  are  based  on  the  view  that  it  is  essential  that  the 
vitamin  A  reserve  of  the  lactating  woman  should  be  maintained  However, 
Moore  (1949)  has  shown  that  the  vitamin  A  reserves  of  normal  adults  are 
very  high  and  there  is  no  evidence  that  a  moderate  degree  of  depletion  during 
^single  lactation  would  be  detrimental  to  the  mother’s  health.  The  position 
would  be  different  with  repeated  lactations  at  intervals  too  short  for  replems  - 
Tent  of  stores  and  would  probably  result  in  the  secretion  of  less  vttamm  A  .. 
the  milk  and  a  decreased  intake  by  the  infant. 


in 


KT mThaf  1  ve'ryTw^vitamin  D  content,  ^^^^Xo^Howeve"® 
women  would  not  need  a  greatly ’“d J^i  n  v  ^ ““pliable  amounts 
calcium  and  phosphorus  are  secret  ,  to  increase  their  utilization 

and  extra  vitamin  D  is  required  by  e  fficient  calcium  is  available 

(U.S.A.  National  Research  Council 1945). It  ■ msui lie  ^  ^  tQ  produce 

from  the  mother’s  diet,  she  loses  ca i  ciu  a(ive  caicjum  balance  during 

lactation^and,  Wording  to  Liu^Su,  Wang  and  Chang  (1937),  vitamin  D  helps 

“■rgjs,.  *  r**  >^^siissss!, 

jssssrss-r . . 

supplement  is  now  continued  throughout  lactation. 


CONSTITUENTS  STUDIED  AND  NUTRITIONAL  STANDARDS  177 
Requirements  for  Vitamin  C 

The  relation  between  the  amount  of  vitamin  C  consumed  by  lactating  women 
and  that  secreted  into  milk  is  clear  from  our  results  and  those  of  previous 
workers  (p.  127).  The  allowance  of  vitamin  C  recommended  by  the  U.S.A. 
National  Research  Council  is  such  that  the  mother  is  almost  certain  to  retain 
for  herself  at  least  the  70  mg.  recommended  for  normal  adults  by  that  authority. 
On  the  other  hand,  of  the  allowance  of  45  mg.  suggested  by  Magee  (1943), 
probably  some  30  mg.  would  be  secreted  into  the  milk,  so  that  only  15  mg. 
would  be  left  for  the  mother,  as  against  the  League  of  Nations’  recommendation 
of  30  mg.  for  the  normal  adult.  To  ensure  that  the  mother  retained  30  mg. 
an  intake  of  70  or  80  mg.  would  be  necessary.  The  mean  value  of  about 
3  -5  mg.  per  100  ml.  found  by  us  for  the  vitamin  C  content  of  milk  suggests  that 
many  mothers  were  consuming  less  than  50  mg.  vitamin  C  daily. 

No  conclusion  can  be  reached  about  the  vitamin  C  requirements  of  lactating 
women  until  it  is  decided  whether  the  allowance  of  the  National  Research 
Council  of  70  mg.  for  the  normal  adult  is,  as  many  people  think,  unduly 
generous,  and  whether  the  30  mg.  suggested  by  the  League  of  Nations  Technical 
Commission  is  more  reasonable.  Zilva  (1944)  has  suggested  that  as  little  as 
15  mg.  daily  is  sufficient. 


Requirements  for  Vitamin  Bx 

In  contrast  to  that  of  vitamins  A  and  C,  the  amount  of  vitamin  B,  secreted  into 
milk  forms  only  a  small  proportion  of  the  daily  intake  of  this  factor.  As  will 
be  seen  from  Table  XCIV,  the  estimated  daily  output  in  the  milk  was  0- 16  mg. 
daily.  This  value  was  based  on  figures  obtained  in  1943-44  when  85  per  cent, 
extraction  flour  was  used  and  the  mean  daily  intake  of  vitamin  Bt  by  lactating 
women  was  probably  eight  or  ten  times  the  amount  secreted  in  their  milk. 

lth  ?lg^e.r,  eyelsLof  intake  the  proportion  is  even  less,  as  there  is  a  limit 
beyond  which  further  increases  in  the  amount  of  vitamin  B,  consumed  by  the 

which  Pi  breast  }he.level  ,n. the  milk'  The  maximum  amount  of  vitamin  B, 

content  of  n dai'y  is  ab0Ut  °'3  m*-  corresponding  to  a 

of  Per  100  ml.  mdk.  It  is  clear,  therefore,  that  lactation  causes 

allow  rrdT  °f  the  Vltamln  B1  supplies  of  the  mother  and  that  the  increased 

hieher  “inmke  of3'!"8-’  38  CTPared  with  other,  women  is  intended  to  cover  their 

(pg?44)  U  was  noTsible  fo  0UrStUdy  °l  ™  individual  lactalion  has  shown 
the  recommende^amounts  rfvSnT^r  “  T*™  “>  obtai" 
neighbourhood  of  3  000  d^ilv  S  lao,  ,  " atake  °f  Calorles  was  in  the 

workers  for  women  in  other  countries.  8  h  th  1  f°Und  by  several 

floSl£!:e;namminBl1£sedru,t£la,rh8'  am°Un,S  °f  bread-  made  from 

allowances  of  this  factor  Thus  Kauche/  t0°btain  the  recommended 
and  Macy  (.945)  in  WiIba™>  Wertz 

the  nursing  mothers  whose  milk  thev  inv^  t  .rais,f  the  average  intake  of 

Possibly  bread  accounted  for  TsmaUe/nmru^rt8^6^#*3^0^  123  mg-  da^- 
than  is  usual  in  this  country.  Portion  of  the  total  calorie  intake 
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Requirements  for  Riboflavin 

The  estimate,  given  in  Table  XCIV,  of  the  amount  of  riboflavin  secreted 
daily  into  milk  is  based  on  analyses  of  milk  samples  obtained  at  10.0  a.m. 
As  shown  in  Table  LXII,  p.  107,  samples  taken  at  this  time  have  a  riboflavin 
content  roughly  the  same  as  the  mean  value  for  the  day.  Although  only 
approximate,  this  calculation  makes  it  clear  that  the  loss  of  riboflavin  into  the 
milk  forms  only  a  small  proportion,  between  10  and  20  per  cent.,  of  the  mother’s 
daily  intake.  With  higher  intakes  of  riboflavin  this  proportion  is  probably 
even  smaller. 

The  extra  allowance  of  riboflavin  for  lactation  made  by  the  U.S.A.  National 
Research  Council  is  greatly  in  excess  of  the  amount  likely  to  be  secreted  into 
milk  and  it  seems  doubtful  if  so  much  is  needed  for  the  additional  500  Calories 
recommended.  The  National  Research  Council  have  set  their  riboflavin 
allowances  for  pregnant  and  lactating  women  very  high  in  view  of  the  inadequate 
information  about  human  needs  for  this  factor. 


THE  VITAMIN  REQUIREMENTS  OF  INFANTS 

General 

Table  XCIV  shows  the  allowances  of  vitamins  recommended  for  infants 
under  one  year  by  the  League  of  Nations  Technical  Commission  on  Nutrition 
(1938)  and  the  U.S.A.  National  Research  Council  (1945).  Table  XCIV  also 
contains  estimates  of  average  amounts  of  vitamins  obtained  daily  by  the  babies 
of  mothers  whose  milk  we  examined.  These  have  been'  calculated  for  an 
output  of  850  ml.  of  milk,  which  is  a  generous  allowance  (Wallgren,  1945). 
Table  XCIV  also  includes  estimates  of  the  amounts  that  could  be  obtained  from 
the  same  quantity  of  cow’s  milk.  The  differences  between  human  milk  and  cow’s 
milk  in  major  constituents  are  better  known  than  for  vitamins.  The  breast-fed 
infant  is  favoured  in  its  supply  of  vitamin  C  and,  in  winter,  of  vitamin  A  but 
the  bottle-fed  child  receives  more  vitamin  Br  and  riboflavin.  Though  the  two 
milks  supply  similar  quantities  of  vitamin  D,  it  is  well  known  that  the  danger 
of  rickets  is  greater  with  the  artificially-fed  baby  and  it  is  primarily  for  him  that 
the  special  supplements  of  cod  liver  oil  and  orange  juice  have  been  provided 
by  the  Government,  though  all  mothers  are  encouraged  to  give  them  and  our 
information  has  shown  that  many  nursing  mothers  do  so. 


Requirements  for  Vitamin  A 

The  mechanism  for  secreting  vitamin  A  into  milk  is  such  that,  unless  the 
mother’s  vitamin  A  reserves  are  low  or  exhausted  and  her  diet  grossly  deficient 
This  factor,  the  infant  is  unlikely  to  suffer  a  shortage. 

is  very  rare  in  breast-fed  infants  (see  for  example,  Bloch,  1924),  though  cases 
have  been  reported  from  the  tropics  when  the  mother  s  milk  contained 
or  no  vitamin  A  (de  Haas  and  Meulemans,  1938). 

We  believe  that  the  diets  of  many  women  whose  milk  we  examined  contained 
co^de  bly  less  vitamin  A  than  is  judged  optimal  by  ™rrent  y  accepted 

6  to  8  months. 
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Henry,  Kon,  Mawson,  Stanier  and  Thompson  (1949)  showed  that  in  rats  the 
young  of  does,  possessed  of  substantial  reserves  of  vitamin  A  but  virtually 
deprived  of  it  in  the  food  during  lactation,  obtained  from  the  milk  sufficient 
vitamin  A  not  only  for  maintenance  but  aiso  for  appreciable  storage.  It  would 
seem,  therefore,  that,  as  long  as  the  mother  has  substantial  reserves  of  vitamin  A 
and  her  diet  is  satisfactory,  the  vitamin  A  supply  of  the  infant  is  doubly  assured. 
Nevertheless,  many  breast-fed  infants  will  continue  to  receive  cod  liver  oil  as  a 
source  of  vitamin  D  from  which  they  will  also  derive  much  additional  vitamin  A. 
There  is  no  evidence  that  this  is  likely  to  be  harmful. 

Requirements  for  Vitamin  D 

Our  results,  which  are  in  agreement  with  those  of  Dutch  and  American 
workers,  show  that  there  is  very  little  vitamin  D  in  milk  and  the  daily  intake 
by  breast-fed  infants  is  unlikely  to  exceed  20  I.U.  That  the  vitamin  D  obtained 
from  milk  is  often  inadequate  is  shown  by  the  occurrence  of  rickets  among 
breast-fed  infants.  This  is  presumably  a  penalty  of  civilization  as,  under 
more  natural  conditions  of  exposure  to  light,  mother’s  milk  would  contain 
more  vitamin  D  and  the  infant,  moreover,  would  synthesize  it  for  himself. 

The  present  policy  of  the  Ministry  of  Health  is  to  encourage  the  administration 
of  cod  liver  oil  to  all  infants,  and  our  information  shows  that  a  high  proportion 
of  the  babies  whose  mothers  provided  milk  samples  received  this  supplement. 
Although  much  work  has  been  done  on  the  vitamin  D  requirements  of  infants 
there  is  no  general  agreement  about  it,  and  Garry  and  Wood  (1946)  have 

questioned  whether  the  large  amounts  often  recommended  are  really  necessary 
or  advisable. 


Requirements  for  Vitamin  C 

The  general  considerations  outlined  for  vitamin  A  apply  also  to  vitamin  C. 
It  is  clear  from  our  results  that,  though  the  vitamin  C  consumption  of  the 
majority  of  mothers  whose  milk  we  examined  was  probably  unsatisfactory 
as  judged  by  the  standards  of  the  U.S.A.  National  Research  Council 

mended "h"  ^  °f  the'r  lnfants  must  have  reached  the  amount  recom¬ 

mended  by  the  same  authority.  Hamil,  Reynolds,  Poole  and  Macy  (1938) 

consider  that  infants  require  daily  not  less  than  10  mg.  of  vitamin  C  Vfigure 

hich  would  correspond  to  a  vitamin  C  content  of  about  1-2  me  per  100  ml 

for™L  m  Conlym30  co  lhe  same  "“mber  of  women,  which  we  examined 

L  0  6  1  per  1M  mT  w"  tha"  this  amount  and  5  contained  less 

however,  complain  that  it  unsets  chiiH’8  r  ^  bdb  es  orange  juice.  Some, 
attention  shouV  be  di  ec,Tto  the  vh  d‘rstlo"..a"d  *  *  our  opinion  that 
than  to  that  of  the  chM  If  the  ItheP '"d'0,  nUtnt'°n  °f  the  mother  ra‘her 
this  factor,  the  child  is  bound  to  obtain  enough"13'"3  adeqUat£  am°UntS  °f 

Requirements  for  Vitamin  Bx 

infandle^berbberl  Is  7  very  rare^ondmoT3"^8  COmpared  with  cow’s  milk, 
requirements  of  the  breast-fed  infant  for  v"tam"in  R  SeemS  Pr°bab'e  that  the 
ben-beri  occurs  among  breast-fed  infants  Eas^but  Ze  at^easTof 
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the  symptoms  of  this  condition  have  been  attributed  to  the  toxic  effects  of 
products  of  incomplete  carbohydrate  metabolism  appearing  in  the  milk  of 
women  suffering  from  beri-beri  (Fehily  1941).  As  far  as  we  know,  the 
vitamin  Bj  content  of  such  milk  has  not  been  reliably  estimated. 

Owing  to  the  compulsory  use  of  high  extraction  flour  in  this  country,  the 
consumption  of  vitamin  Bx  has  been  greater  during  the  latter  part  of  the  war 
than  previously  and  consequently  breast-fed  infants  have  also  obtained  more 
of  this  substance  than  before. 

It  is  thought  that  artificially-fed  babies  require  more  vitamin  Bj.  The  large 
allowance  recommended  by  the  U.S.A.  National  Research  Council 
(Table  XCIV)  could  not  possibly  be  met  from  human  milk,  no  matter  how  rich 
in  vitamin  B1  the  diet  of  the  mother,  but  cow’s  milk  contains  sufficient  vitamin  Bi 
to  supply  this  quantity. 

Requirements  for  Riboflavin 

Breast-fed  babies  receive  only  a  small  amount  of  riboflavin  as  compared 
with  those  fed  oh  cow’s  milk.  Very  little  is  known  concerning  the  riboflavin 
requirements  of  infants  and  the  allowance  suggested  by  the  U.S.A.  National 
Research  Council  (Table  XCIV)  could  not  be  met  from  human  milk.  An 
intake  of  0-6  mg.  daily  would  correspond  to  a  content  of  about  70  ng.  per 
100  ml.  milk.  To  ensure  this  the  diet  of  the  mother  would  have  to  contain 
more  riboflavin  than  she  is  likely  to  get  from  foodstuffs  normally  consumed. 
However,  this  quantity  is  easily  obtained  from  cow  s  milk. 
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IV.  SUMMARY  AND  CONCLUSIONS 

The  object  of  the  investigation  was  to  determine  how  far  the  content  of  certain 
vitamins  and  other  substances  in  human  milk  reflects  the  state  ol  nutrition  of 
the  mother  with  regard  to  these  factors  and  to  study  the  influence  of  wartime 
dietary  changes. 

Since  different  populations  differ  in  their  food  habits,  samples  of  milk  were 
obtained  from  more  than  one  locality.  Samples  of  full  lactation  milk  were 
collected  in  Reading,  a  prosperous  country  town,  and  in  Shoreditch,  a  working- 
class  district  of  London.  Regular  collections  were  made  in  Reading  between 
June,  1941,  and  March,  1945,  and  in  Shoreditch  between  April,  1942,  and 
March,  1945.  In  addition  special  series  of  early  lactation  samples  were  obtained 
from  Paddington  Hospital,  Hammersmith  Hospital,  the  Royal  Berkshire 
Hospital,  the  Radcliffe  Infirmary,  the  London  Hospital,  and  through  the 
courtesy  of  private  practitioners  and  nursing  homes. 

The  constituents  studied  included  vitamin  A,  carotenoids,  vitamin  Bj, 
riboflavin,  ascorbic  acid,  fat,  solids-not-fat  and,  in  a  proportion  of  samples, 
lactose,  total  nitrogen,  calcium  and  phosphorus.  One  or  more  of  these  was 
measured  in  each  of  2,284  samples  of  milk.  Particular  attention  was  paid  to  the 
vitamins,  since  they  are  specially  subject  to  dietary  influences  and  less  was 
known  about  them  than  about  the  “  major  ”  constituents  of  human  milk. 

For  satisfactory  interpretation  of  our  results  it  was  necessary  to  learn  how 
the  composition  of  milk  was  affected  by  factors  other  than  diet  and  the 
•  following  were  studied  :  the  time  of  the  day,  the  stage  of  lactation,  milk  yield, 
the  age  of  the  mother,  and  her  parity.  Special  experiments  in  which  known 
amounts  of  vitamins  were  administered  to  mothers  also  yielded  useful 
information. 

Dietary  surveys  were  carried  out  with  a  number  of  Shoreditch  women  whose 
milk  was  examined. 

A  summary  of  some  of  the  quantitative  data  obtained  in  this  study  is  given 
in  Table  XCV. 


THE  FAT  CONTENT  OF  MILK 

Erroneous  values  for  the  fat  content  of  milk  may  be  obtained  as  the  result 

secreted^durinT^h5  °f  ?m??I ,deaIly’  comPlete  expressions  of  all  milk 
secreted  during  .4  hours  should  be  made,  but  this  is  rarely  practicable.  In  the 

present  investigation  a  complete  expression  of  a  breast,  4-6  hours  after  the  last 

feed,  was  used  in  determining  the  fat  content.  If  the  interval  is  less  than 

k>w  Failure  to  t0  **  h,lgh  ;  *  il  is  greater  than  6  hours  they  tend  to  be 
No  rone  t  °  ensure  comPlete  emptying  of  the  breast  also  leads  to  low  results 

m  tHe  fat  C°ntem  °f  miIk  was  observed  be  ween 

“k"hTTkL°co^«  ^ "oVTeT  tHere  T  diff—  With  variations 
and  1945  was  higher  han  hat  of  Shotd8,  fmP‘ 'es,obtained  between  1942 
same  period.  No  difference  from  vil  ^  h  samPles  obtained  during  the 
Available  evidence  does  not  provide  L  I  ?  ^ear  wa?  found  at  either  place, 
between  Reading  and  Shoreditch  •  n„«  u,anatl0,n  of  the  differences  observed 
in  the  fat  content  of  the  diet  and  undetected'  s^^Te™^  dilTerenCes 
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TABLE  XCV 

Summary  of  Information  on  the  Amounts  of  Certain  Constituents  in  Full  Lactation 

Milk  from  Reading  and  Shoreditch 

{fuller  details  will  he  found  in  the  appropriate  sections  in  the  body  of  the  Report) 


Reading 

Shoreditci 

h 

Stage  of 

Number 

Number 

Constituent 

lactation 

of 

Mean 

Standard 

of 

Mean 

Standard 

Period 

(weeks) 

samples 

value 

deviation 

samples 

value 

deviation 

Fat  (g.  per  100  ml.) 
Solids-not-fat  (g. 

1942-45 

3-24 

612* 

4-78 

1-47 

129 

3-91 

1-42 

per  100  ml.)  . 
Lactose  (g.  per 

1941-45 

5-20 

946 

8-93 

0-43 

402 

9  04 

0-43 

100  ml.)  . 

Total  nitrogen 

1 941— 43f 

5-24 

395 

6-94 

0-35 

121 

6-95 

0-32 

(mg.  per  100  ml.) 

1941-431 

3 

5 

230 

41 

10 

248 

20 

4 

7 

211 

19 

28 

235 

41 

5-8 

63 

209 

25 

78 

216 

31 

9-12 

115 

196 

39 

11 

192 

23 

13-16 

124 

191 

25 

19 

197 

22 

17-20 

68 

185 

23 

11 

190 

13 

21-24 

33 

186 

28 

2 

190 

— 

Calcium  (mg.  per 

100  ml.)  . 

1941-42 

5-28 

76 

29-9 

4-2 

— 

— 

— 

Phosphorus  (mg. 

per  100  ml.) 
Vitamin  A  (I.U. 

1941-42 

5-28 

76 

13-0 

1-9 

— 

32-5 

12-4 

per  g.  fat) 

1941-451 

Corrected 
to  17th 

1,032 

31  -9 

9-8 

358 

week 

Carotenoids  (jag. 

2-13 

per  g.  fat) 

1941-42 

4-22 

138 

501 

— 

— 

1-45 

1 

1942-45 

826 

3-60 

1-34 

335 

3-55 

Vitamin  Bj^  (jag. 

per  100  ml.)  . 

1941-42 

5-24 

130 

14-7 

3-2 

— 

— 

1942-43 

221 

161 

30 

142 

160 

3-3 

1943-44 

248 

18-1 

3-8 

113 

19-3 

4-3 

1944-45 

191 

18-3 

3-4 

104 

18-3 

2-9 

Riboflavin  (jag. 
per  100  ml.) 

1942-45 

4-24 

616 

25-5 

70 

136 

23-4 

5-9 

Vitamin  C  (mg. 
per  100  ml.)  . 

1941-45} 

3-24 

1,116 

3-6 

1-4 

383 

3-4 

1-4 

*  samples  taKen  *f-o  nuuis 

*  i 942-45  )^or  Shoreditch. 


THE  SOLIDS-NOT-FAT  AND  ITS  CONSTITUENTS 
The  solids-not-fat  content  of  milk  remained  constant  during  the  years  1942-45 
and  there  was  no  difference  between  Reading  anf  Shoreditch  However  h 
content  was  slightly  lower  in  Reading  during  1941-42.  The  solids-not 
rontent  of  milk  decreased  slowly  with  the  progress  of  lactation 
COThe.actoTe  comen.  increased  slightly  during  the  first  we-toofhrta^ 
remained  almost  constant  thereafter.  There  was  no  diffe 

Reading  and  Shoreditch  values.  .  ,  A  ...—w  0f 

The  total  nitrogen  content  fell  rapidly  during  t  e  rs 

^  p;"a“^«ho?e  Pof  other  worker, 

»  JSS2ZIZ  ;r,  ?-  SSSss 

by  the  method  of  Mitchell,  proved  very  similar  to  that  simultane  y 
for  freeze-dried  cow’s  milk. 
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THE  VITAMIN  A  AND  CAROTENOID  CONTENT  OF  MILK 
A  photoelectric  spectrophotometer  was  used  for  measurement  of  vitamin  A 
(by  the  antimony  trichloride  reaction)  and  of  carotenoids.  With  selected 
samples  the  composition  of  the  carotenoids  of  milk  and  of  blood  was  studied 
by  chromatographic  analysis. 

The  measurement  of  vitamin  A  and  carotenoids  in  milk  is  subject  to  the 
same  sampling  errors  as  that  of  fat.  For  this  reason  results  were  expressed  in 
terms  of  concentration  of  the  vitamins  in  the  milk  fat.  For  calculation  of 
output  this  method  is  valid  only  with  mean  values  for  a  number  of  women 
because  of  individual  variations  in  the  fat  content  of  milk. 


From  results  believed  to  be  relatively  free  from  sampling  errors  it  was  found 
that,  with  increasing  fat  content,  the  vitamin  A  and  carotenoid  content  of  milk 
increased  but  the  concentration  in  the  fat  decreased. 


Diurnal  variations  in  the  vitamin  A  content  of  the  milk  fat  were  small  ; 
those  for  carotenoids  were  somewhat  greater.  Results  for  samples  taken  during 
three  successive  weeks  showed  much  less  variation  between  samples  from  the 
same  woman  than  between  samples  from  different  women. 

The  vitamin  A  content  of  milk  fat  was  high  at  the  beginning  of  lactation 
(>100  I.U.  per  g.  on  the  3rd  and  4th  days)  and  fell  rapidly  to  46  I.U.  per  g.  fat 
in  the  3rd  week.  This  was  followed  by  a  further  more  gradual  decline  to  30  I.U. 
per  g.  fat  at  the  18th  week.  After  this,  slightly  higher  values  were  observed. 

By  applying  to  individual  values  a  correction  factor,  derived  from  a  curve 
fitted  to  all  the  data,  the  effect  of  the  stage  of  lactation  was  eliminated  and 
such  values,  corrected  to  the  17th  week  of  lactation,  were  used  in  subsequent 
comparisons. 

The  carotenoid  content  of  milk  fat  fell  from  more  than  20  /<g.  per  g.  fat  on 
the  3rd  or  4th  days  of  lactation,  to  4-3  //g.  per  g.  fat  in  the  3rd  week.  In  the 
4th  and  subsequent  weeks  mean  values  ranged  around  3  -6  /;g.  per  g.  fat.  For 

purposes  of  comparison,  only  carotenoid  values  obtained  later  than  the  3rd  week 
of  lactation  were  used. 


omen  whose  milk  yield  was  considered  low  produced  milk  fat  with  a 
significantly  higher  vitamin  A  and  carotenoid  concentration  than  that  shown 
y  the  genera  means.  However,  those  whose  milk  yield  was  considered  high 
produced  milk  fat  with  the  same  vitamin  A  and  carotenoid  content  as  the 


ofTihheCmmirtrati0na01  Vitam,in  A  “  milk  fat  increased  with  increasing  age 

carotenoMs  M  3  Slm‘,ar’  ‘h°Ugh  Smaller’  eha"«e  took  place  with 
carotenoids.  No  consistent  variations  with  parity  were  found 

vitamin  A^u  nmdof  W‘,h  °ne  ,woman  k  was  fo™d  that  administration  of 
contem  other  milk  ^  ^  qUantity  °f ' carotene>  raised  vitamin  A 

taking  ™  the°sample,0 had  a'vUamf if  A°contenf  ofV57  t\  u"  24  ’’T  °f  ‘he 
higher  than  the  genera,  means  InA™" 

before'parturition^kd  to  the^credo  °f  10  WOmen  immediately 

that  normally  produced.  Simitar  ms,  n  mUCh  ™her  in  vitamin  A  thaa 
administration  of  24  000  I  U  vitamin  A  U  ft  obtained  by  the  daily 

MS  s  ss  ts 
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a-  and  /3-carotene,  23  ;  lycopene,  9  ;  lutein,  47  ;  and  an  unknown  pigment, 
21  per  cent.  There  were  wide  variations  between  the  distribution  of  the 
pigments  in  the  milk  ol  individual  women  but  little  difference  between 
14  samples  obtained  from  one  woman  during  2  months.  The  proportion  of 
carotenoid  pigments  remained  relatively  constant  throughout  lactation  and  no 
difference  was  found  with  change  in  season  of  the  year.  Examination  of  milk 
and  blood  plasma  taken  from  the  same  women  showed  more  a-  and  /3-carotene 
and  less  of  the  other  three  pigments  in  plasma,  suggesting  that  carotene  passes 
through  the  mammary  gland  only  with  difficulty. 

There  was  no  correlation  between  the  content  of  vitamin  A  in  plasma  and 
that  in  milk  fat  ;  there  was,  however,  a  significant  correlation  for  carotenoids. 

No  seasonal  variation  was  found  in  the  content  of  vitamin  A  in  milk  fat. 
That  of  carotenoids  tended  to  be  lower  in  January  and  February  than  during 
the  rest  of  the  year. 

As  far  as  could  be  ascertained,  the  supplement  of  cod  liver  oil  given  to 
pregnant  women  from  April,  1943,  onwards  had  no  influence  on  the  vitamin  A 
content  of  the  fat  of  milk  which  they  later  produced. 

The  vitamin  A  content  of  milk  fat  of  Reading  women  remained  almost 
constant  during  the  years  1941-45.  That  of  Shoreditch  women  was  the  same  in 

1942- 44  but  fell  in  1944-45.  No  explanation  of  this  drop  could  be  found. 

The  carotenoid  content  of  milk  fat  was  high  in  1941-42  but  during  the 

succeeding  3  years  it  remained  almost  constant  at  Reading.  At  Shoreditch  the 
carotenoid  content  of  the  fat  was  similar  to  that  at  Reading  in  1942-43  and 

1943- 44,  but  was  slightly  lower  in  1944-45. 

t 

THE  VITAMIN  D  CONTENT  OF  MILK 
The  vitamin  D  content  of  five  pooled  samples  of  early  lactation  milk  fat, 
measured  by  biological  tests,  varied  between  0-13  and  0-27  I.U.  per  g.  That  of 
three  similar  samples  collected  in  later  lactation  varied  from  0- 15  to  0-41  I.U. 
per  g.  Low  values  were  found  for  samples  collected  during  the  winter  months. 


THE  VITAMIN  Bx  CONTENT  OF  MILK 

Vitamin  B,  was  measured  by  the  thiochrome  method  alter  treatment  of  the 
milk  with  takadiastase  to  split  phosphorylated  vitamin  Bt.  Incubation  of 
milk  with  pepsin  prior  to  treatment  with  takadiastase  gave  high  results  whic 
increased  with  the  length  of  incubation  because  of  the  formation  of  an  artifact 
The  proportion  of  “  free  ”  to  total  vitamin  B1  in  milk  increased  with  the 

PEfS:  in  the  vitamin  B,  content  of  milk  were  no,  marked. 

Variations  from  week  to  week  were  slightly  greater  Qn 

The  vitamin  Bx  content  of  the  milk  was  low  initially,  /<g.  p  • 

the  3rd  da"  and  rose  rapidly  during  the  first  3  weeks.  Fromthe  5th  week 

onwards  it  remained  almost  constant  at  about  /<g.  per  '  uantjties 

The  vitamin  B,  content  of  the  milk  of  women  producing  limited  quantit 
of  milk  was  below  the  normal  during  the  first  19  weeks  of  lactation  u  nor 

than  that  of  orimiparae.  There  was  some  slight  gg 
persisted  in  laleHactation  but  it  was  not  statistically  s.gmficant. 
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Possible  nervous  influences  on  the  vitamin  Bj  content  of  milk  are  discussed. 

The  giving  oflarge  doses  of  the  vitamin  (9-15  mg.  daily)  caused  considerable 
immediate  increases  in  the  vitamin  Bj  content  of  milk  in  both  early  and  in  later 
lactation.  This  increase  was  chiefly  in  the  “  free  ”  (non-phosphorylated)  form. 

Analysis  of  790  samples  of  milk  from  Reading  women  showed  an  increase 
from  14-7  //g.  per  100  ml.  in  1941-42  when  white  bread  was  available,  to 
18-3  ^g.  per  100  ml.  in  1944-45.  National  Wheatmeal  bread  was  introduced 
at  the  end  of  the  period  1941-42.  None  of  the  359  Shoreditch  samples  was 
examined  before  the  change,  but  subsequent  trends  were  the  same  as  those  at 
Reading. 

Although  large  doses  of  vitamin  B,  caused  an  immediate  marked  increase  in 
the  vitamin  B,  content  of  milk,  smaller  increases  in  the  vitamin  Bj[  content  of 
the  diet  apparently  led  to  only  small  and  very  gradual  increases. 

If  values  for  the  vitamin  B,  content  of  milk  obtained  in  different  countries 
are  comparable,  our  results  at  the  time  when  white  bread  was  eaten  are 
similar  to  those  found  in  the  U.S.A.  ;  those  obtained  since  the  introduction  of 
National  Wheatmeal  bread  are  higher,  and  also  higher  than  those  found  in 
Australia. 


THE  RIBOFLAVIN  CONTENT  OF  MILK 

Riboflavin  was  measured  by  the  fluorimetric  method  of  Najjar,  slightly  modified. 

The  riboflavin  content  of  milk  undergoes  marked  fluctuations  related  to  the 
riboflavin  consumed  in  meals.  Thus  samples  taken  at  6.0  a.m.  contained  less 
riboflavin  than  those  taken  later.  Complete  collections  of  milk  secreted  during 
24  hours  could  not  be  obtained,  and  in  order  to  avoid  sampling  errors  as  far 
as  possible  only  results  for  full  lactation  samples  taken  during  the  morning 
from  breasts  last  given  to  the  baby  4-6  hours  previously  have  been  considered. 

Results  for  early  lactation  samples  taken  between  1.30  and  2.30  p.m.  suggest 
that  the  riboflavin  content  of  milk  does  not  change  markedly  during  the  first 
17  days  of  lactation. 

Thnce  dafly  doses  of  3  mg.  riboflavin  given  to  each  of  9  women  caused  up 
to  tenfold  increases  in  the  riboflavin  content  of  milk.  There  was  no  indication 
of  a  ceiling  value  as  for  vitamins  B,  and  C. 

With  one  woman  a  single  dose  of  3  mg.  riboflavin  was  followed  by  an 
immediate  rise  in  the  riboflavin  content  of  the  milk,  and  a  similar  change  in 
urinary  excretion.  A  dose  of  1  mg.  had  a  smaller  effect.  g 

the 4th and°?n.°hf  rf  mV'boflavin  «iven  to  each  of  several  women  between 
.,  n  •  and  ®th  ^ay  Station  caused  a  much  smaller  increase  ;n 

rmem  wi,h  womci' 

remamed8fe,r|ry°7onhsum  t5! ‘Id6 ' 6  Tf  ‘T  rib°flaVin  C°ntent  °f  milk 

April.  1942,  and  Septemter  m^ln  .he  fo  ,b  ^  per  ‘?°  m''  betWeen 
first  quarter  of  1945  there  was  a  Hrnn  t  £  *  qUartCr  °f  1944  and  the 

to  the  decrease  in  th*  u  a  drop  to  22  Per  100  ml.,  possibly  related 

time  witlTchange^n ^he  I'^on  mtf  V'  M  Which  t0°k  place  at  that 
owing  to  the  smaller  number  mht  nf  h°redltch  results  were  more  variable 
No  seasonal  "crtnumber  (136)  of  samples  examined. 

.easonal  variation  was  found  in  the  riboflavin  content  of  milk. 
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THE  VITAMIN  C  CONTENT  OF  MILK 

Vitamin  C  was  measured  in  milk  by  indophenol  titration  after  precipitation 
of  the  protein  with  a  mixture  of  trichloroacetic  acid,  ammonium  sulphate  and 
sodium  metaphosphate.  Vitamin  C  is  very  labile  in  human  milk  and 
preservation  during  transport  of  the  samples  from  the  home  to  the  laboratory 
was  ensured  by  immediate  precipitation  of  the  proteins  after  expression  of  the 
milk,  or  by  keeping  the  milk  on  ice.  In  a  special  investigation  sodium  cyanide 
was  used  as  a  stabilizing  agent. 

The  diurnal  variation  of  the  vitamin  C  content  of  milk  is  extremely  small. 
Variation  from  week  to  week  may  be  considerably  greater  with  changes  in  the 
vitamin  C  content  of  the  diet. 

A  dose  of  50  mg.  daily  of  vitamin  C,  given  to  each  of  10  mothers  at  a  time 
when  the  vitamin  C  content  of  milk  was  low,  produced  moderate  increases  in 
the  course  of  two  weeks. 

In  a  special  investigation  the  vitamin  C  actually  consumed  by  16  mothers 
and  the  amount  of  vitamin  C  secreted  into  the  milk  were  studied.  Principal 
sources  of  vitamin  C  in  the  diet  included  oranges,  leafy  vegetables  and,  to  a  less 
extent,  potatoes  and  cow’s  milk,  of  which  1-2  pints  daily  were  consumed. 
The  daily  vitamin  C  intake  of  these  women  varied  from  44  to  106  mg.  with  a 
mean  of  72  mg.  With  the  lower  intakes  a  high  proportion  (47-68  per  cent.) 
of  the  intake  was  secreted  into  the  milk  leaving  in  four  cases  only  17  or  18  mg. 
daily  for  the  mother’s  own  needs.  This  partition  was  also  influenced  by  the 
milk  yield. 

Marked  seasonal  variations  in  the  vitamin  C  content  of  milk  were  observed. 
In  1942,  for  example,  mean  values  of  2-2  to  2-7  mg.  per  100  ml.  were  observed 
in  January— May,  and  values  of  4*3— 4*4  in  July— October.  The  same  trends 
were  seen  in  1943  but  the  low  values,  presumably  caused  by  shortage  of  green 
vegetables  and  the  seasonal  decline  in  the  vitamin  C  content  of  potatoes,  were 
not  obtained  in  the  early  months  of  1944  and  1945  when  oranges  were  imported. 

The  yearly  mean  values  for  the  vitamin  C  content  of  milk  increased  between 
1941  and  1945,  probably  because  of  increased  consumption  of  green  vegetables, 
improved  methods  of  cooking  and,  in  later  years,  consumption  of  imported 

citrus  fruit. 

Values  observed  at  Shoreditch  differed  but  little  from  those  at  Reading 
despite  the  fact  that  many  Reading  women  had  vegetables  from  their  own 

gardens  or  allotments. 

A  STUDY  OF  THE  COMPOSITION  OF  MILK  THROUGHOUT  AN 
INDIVIDUAL  LACTATION  OF  33  WEEKS 

Complete  records  were  kept  of  all  food  consumed  daily  in  a  lactation  which 
lasted  for  33  weeks  and  during  which  81  samples  of  milk  were  analysed  for  the 
same  constituents  as  in  the  main  investigation.  By  taking  advantage  of  the 
special  supplements  for  lactating  women  this  mother  obtained  a  high  proportion 
of  or  all,  the  recommended  intakes  of  nutrients.  ... 

The  fat  content  of  the  milk  was  unusually  low,  but  apart  from  that the  m“k 
was  of  better  than  average  quality.  The  changes  in  composition  with  the 
stage  of  lactation,  or  occasioned  by  alterations  in  the  dietary  intake,  were 
the  same  as  found  for  separate  samples  from  large  numbers  of  women.  In  a 
period  during  which  the  consumption  of  vitamin  C  was  voluntarily  restricted, 
the  vitamin  C  content  of  the  milk  decreased  markedly. 
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DIETARY  STUDIES  WITH  LACTATING  WOMEN  AT  SHOREDITCH 

Three  dietary  surveys  were  carried  out  by  two  methods  with  109  Shoreditch 
women  whose  milk  was  examined.  The  results  were  substantially  similar. 

The  following  approximate  daily  intakes  of  nutrients  were  found.  Calories 
2  400-2  500,  protein  88  g.,  fat  96  g.,  carbohydrate  300  g.,  calcium  1  g.,  iron 
14  mg  vitamin  A  2,000  I.U.,  carotene  800  I.U.,  vitamin  B,  1  -4  mg.,  vitamin  C 
30-60  mg.  These  values  are  lower  than  the  recommended  allowances  of  the 
U  S.  National  Research  Council  and  the  standards  of  the  League  of  Nations. 
Full  advantage  was  not  taken  of  the  rationed  foodstuffs  to  which  lactating 
women  were  entitled. 

Results  for  21  women,  who  measured  the  food  which  they  consumed  during 
two  separate  weeks,  showed  that  for  all  nutrients  except  vitamin  A  the  same 
result  was  obtained  irrespective  of  the  week  chosen. 

There  was  very  little  correlation  between  the  vitamin  content  of  the  milk 
and  that  of  the  diet  within  any  of  the  three  surveys,  or  between  surveys.  One 
survey,  however,  can  be  conveniently  divided  into  three  periods,  when  the  mean 
values  for  the  content  in  milk  of  all  vitamins,  except  vitamin  C,  follow  the  same 
trends  as  in  the  diet. 


A  COMPARISON  OF  THE  COMPOSITION  OF  MILK  AT  GLASGOW 

AND  SHOREDITCH 

A  comparison  was  made  in  1945  of  the  milk  of  47  Glasgow  women  with  that 
of  37  Shoreditch  women.  Difficulty  was  experienced  in  Glasgow  in  obtaining 
sufficient  milk  for  analysis  after  the  fifth  week  of  lactation,  and  consequently 
samples  had  to  be  obtained  during  the  fourth  and  fifth  weeks.  The  two  groups 
were  comparable  in  financial  circumstances,  age  and  parity  of  the  mothers, 
and  birth  weights  of  the  babies. 

Sampling  errors  made  the  results  for  riboflavin  and  fat  content  difficult 
to  interpret.  The  vitamin  Bj  content,  16  ng.  per  100  ml.  was  nearly  the  same 
at  both  places.  The  vitamin  C  content  was  only  3-1  mg.  per  100  ml.  at 
Glasgow  as  compared  with  3  •  9  at  Shoreditch.  The  vitamin  A  was  40  I.U.  per  g. 
fat  at  both  places  but  the  carotenoids  were  5-4  //g.  per  g.  fat  at  Glasgow  as 
compared  with  3-8  at  Shoreditch.  Solids-not-fat  were  slightly  higher  at 
Shoreditch  but  the  difference  was  not  statistically  significant. 


THE  COMPOSITION  OF  MILK  IN  RELATION  TO  THE  NUTRITIONAL 
REQUIREMENTS  OF  MOTHER  AND  CHILD 

The  requirements  of  the  infant  and  the  additional  needs  of  the  nursing  mother 

are  considered  in  the  light  of  the  composition  of  mother's  milk  as  established 
in  the  present  study. 
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